Efficiency improvement of private education schools in the Kingdom of Saudi Arabia using a mixed methodology approach by Alzkari, Tahani Ibrahim
 
 
 
 
 
Efficiency Improvement of Private Education Schools 
in the Kingdom of Saudi Arabia Using a Mixed 
Methodology Approach 
 
 
 
 
 
By  
Tahani Ibrahim Alzkari 
 
 
 
 
Department of Mathematics 
The thesis is submitted in partial fulfilment of the requirements for the award of the 
degree of Doctor of Philosophy of the University of Portsmouth 
May 2018 
 
 
  
 ii 
 
Declaration 
Whilst registered as a candidate for the above degree, I have not been registered for any 
other research award. The results and conclusions embodied in this thesis are the work of 
the named candidate and have not been submitted for any other academic award. 
 
 
 
 
 
 
Word count: 40618 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 iii 
 
Abstract 
 
Education in Saudi Arabia has received considerable attention from the government in the 
hope of finding strategies to improve the performance of schools, which is essential for 
economic development. However, education in Saudi Arabia has been criticised due to the 
quality of teachers, their salary, and the curricula and resources used (Khashoggi, 2014; 
Lindsey, 2010). Although the international literature reviews important issues of efficiency 
in education, there are few research projects which studies the efficiency challenges and 
constraints pertinent to Saudi schools in depth. 
The purpose of this research is to use Operational Research (OR) models focused on 
assessing and improving the performance of private schools in the Kingdom of Saudi 
Arabia, especially the Riyadh districts. A set of models are developed based on 57 schools 
for descriptive efficiency measurement and 12 schools for prescriptively improving the 
performance. Data collection was implemented through the Quality and Planning 
Department of the Saudi Ministry of Education who liaised with the school managers. In 
terms of model formulation, the techniques of: Data Envelopment Analysis (DEA) for 
measuring efficiency, the Analytical Hierarchy Process (AHP) for ranking priority of the 
criteria of improving school performance, and Goal Programming (GP) for improving the 
efficiency of schools are used in a combined framework. A subsidiary Goal Programming 
model for resolving the inconsistencies in the AHP preferences is also used. 
The results that can be obtained from building these models can be beneficial for parents, 
schools, and governments. Efficient schools yield better outcomes and support a higher 
quality of education, which increases the knowledge and skills of students. Those students 
will then contribute more effectively to the future development of their countries. In 
addition, high-performing schools delivering high levels of education to students can 
encourage the economic growth of a nation. 
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Chapter 1 Introduction 
1.1 Statement of Aim 
Operational Research (OR) is an analytical decision modelling process which has been used 
extensively for the purpose of planning in multiple sectors. Across the world there is 
significant usage of OR in the field of education, including resource allocation, timetabling 
problems and efficiency measurement. The quality of education has recently become the 
focus of many developed countries. Therefore, some governments have increased their 
country’s investment in education considerably over the last decade; official statistics from 
Saudi Arabia Government (2017) reveal that the government of the Kingdom of Saudi 
Arabia allocated 22.51% of its total budget expenditure for education (Ministry of Finance, 
2017). This spending in education went towards understanding the methodology of 
efficient and beneficial decision-making regarding the cost of education per student and 
limiting nugatory expenditure on educational resources, which has turned out to be 
increasingly important as many school regions keep on experiencing poor results (Al-
Sharm, 2000) and there is no evidence of recent improvement. Thus, it is essential to 
measure how these resources can be effectively utilised in order to generate favourable 
academic outcomes for its nationals. 
The education sector in the Kingdom of Saudi Arabia has seen great progress during the 
last National development plan 2011-2015, (The Ministry of Economy and Planning, 2014). 
However, the education system in some of the private schools has been criticised due to 
the poor teaching quality (Alahmad, 2017). In addition, parents in Saudi Arabia tend to 
search for efficient schools for their children - that is difficult to measure. With regards to 
overcoming the issue of inefficient performance of teachers in some private schools, in this 
thesis OR will be used to build a model for restructuring the salary, and measuring the 
efficiency of private schools for several reasons. First of all, the teachers are not willing to 
do their best in delivering lessons because of perceived unfair salary payments, which in 
turn will decrease the productivity and efficiency in performance of teachers. Moreover, 
the lesser quality of education presumably does not enhance the knowledge and skills of 
students who will find some difficulties in their future education, which leads to reduction 
 12 
 
of the educational product level. The Saudi government through the Human Resources 
Development Fund (HRDF) has been establishing a program based on the support of 
teachers working in private schools since 2010. The program aims to increase the salary of 
all employees in private schools, stabilising at a minimum basic wage of 5000 monthly Saudi 
Riyals, where $1 is equal to 3.75 Saudi Riyal, plus 600SR transportation allowance. HRDF 
contributes 50% of the basic salary to the individual teacher for five years of work, where 
the salary is transferred directly to the teachers' account and deducting retirement benefits 
(annuities) which are 18% of the monthly wage; the employee (teachers) pays 9% and the 
contributor (stakeholders of a school) pays 9%. However, this program is only a temporary 
solution for private schools to settle down and is not available for all employees, only the 
employees who meet the HRDF conditions. 
Public and private schools in Saudi Arabia have received governmental support where the 
government believes them to play an important role in enhancing the economy. However, 
the influx of resources to the education sector will only enforce the schools’ performance 
and boosting their efficiency if the new funding is deployed in an efficient manner. It is 
expected that this study will contribute towards a preferable understanding of the Saudi 
Arabia situation in terms of private school performance and to inform the discussion on 
school evaluation, performance enhancement and policy setting. An additional aim of this 
study is to provide schools with information to direct towards potential improvement in 
their inputs and outputs in order to improve the efficiency. A set of relevant connected OR 
methods which are applicable to the thesis will be presented. Case studies will be 
developed for the primary research of the thesis. There are 57 representative schools 
involved for the first stage of efficiency analysis and twelve of these are involved in the 
second stage of generating prescriptive recommendations to improve their performance. 
Operational research (OR) models will be used in this thesis, focusing on assessing and 
improving the performance of private schools in the Kingdom of Saudi Arabia, especially 
the Riyadh districts. 
 
1.2 Education in Saudi Arabia 
Education in Saudi Arabia started as a "kuttab" which was the traditional educational 
system in that time where students learned about how to read, write and understand 
numbers. These Kuttab lessons were held in the mosque or in the teacher's house.  In 1952, 
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the Saudi Ministry of Education (MOE) was established which allowed both sexes to attend 
schools and follow the same curriculum and annual examinations. In Saudi Arabia, primary 
education through to high school is open to everybody and is free. However, there are also 
numerous private schools which follow the same education system as in the public schools, 
in order to cover the demand for efficient and quality education for girls and boys. 
The education system in Saudi Arabia is very briefly described by Figure 1.1. 
 
Primary (age 6-12) 
 
Intermediate 
(age 12-15)  
Secondary 
(age 15-18)  
Higher Education 
(from age 19) 
1 2 3 4 5 6 1 2 3 1 2 3 
Education Education Education Colleges and universities 
Figure 1.1: The education system in Saudi Arabia. 
Source: Organised by Author 
 
There are six grades in primary education; children at the age of six enter the first grade of 
primary education where there is also a kindergarten level where it is a pre-school –it is not 
compulsory for all children to register, it is the parents’ decision. Intermediate education 
in Saudi Arabia lasts three years and Secondary education lasts also three years, which is 
the final stage of general education.  Higher education in Saudi Arabia lasts four years in 
the field of sciences humanities and social sciences, and five to six years in the field of 
medicine. According to the general Authority for Statistics in Saudi Arabia, in 2016 (General 
Authority for Statistics (Saudi Arabia), 2016), there were almost 7.2 million students 
attending primary, intermediate, and secondary schools in Saudi Arabia .The expected age 
for children to enrol in university is 19. 
The goal of education in Saudi Arabia is to understand Islam properly, to instil and 
propagate Islamic faith, to provide students with Islamic values, and to provide them with 
knowledge and skills and to develop constructive behavioural trends. It is also to develop 
society economically, socially and culturally, and to prepare the individual to be a useful 
member of society. All the levels of education in schools are supervised by the ministry of 
education where they give the educational supervision department the responsibility to 
supervise schools. The MOE in Saudi Arabia has established a department of educational 
supervision in each district of the kingdom of Saudi Arabia. The MOE in Saudi Arabia 
Ministry of Education (2007) defined educational supervision as a technical, democratic 
and comprehensive operation that aims to assess and progress the educational process. In 
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addition, the ministry describes it as a process that associates teachers with supervisors to 
improve their teaching skills and abilities.  
The Saudi’s curriculum is based on Islamic religion. Their objectives in the curriculum are 
to make students achieve the religious, economic, and social needs (Ministry of Education, 
2017). The MOE in Saudi Arabia provides schools with all the books for all subjects that 
meet the level of students. The education system and curriculum in Saudi Arabia designed 
to meet the needs of the country. 
 
1.2.1 The structure of private schools in Saudi Arabia 
There are numerous private schools in the kingdom of Saudi Arabia which follow the same 
education system as in the public schools, in order to cover the demand of efficient and 
quality education for girls and boys. The General Department for Private Education at the 
Ministry of Education supervises private schools for boys and girls. Official statistics from 
MOE in 2016 reveal that the number of students in private schools is more than 650,000 
Saudi students and more than 100,000 foreign students. The number of teachers is 
calculated as approximately 51,515 teachers. 
The private schools in Saudi Arabia are supported by the ministry of education, where they 
provide private schools with free textbooks and an annual financial aid. The Saudi 
government through the Human Resources Development Fund (HRDF) has established a 
program based on the support of teachers working in private schools since 2010. The 
program aims to increase the salary of all employees in private schools, stabilising at the 
minimum basic wage of 5000 monthly Riyals plus a 600 Riyal transportation allowance. 
HRDF contributes 50% of the basic monthly salary to the individual teacher for five years 
of work where the salary is transferred directly to the teacher’s account. In addition, the 
MOE in Saudi Arabia established the department of private and foreign education, with the 
aim of supervising the education in private and foreign institutions (schools and institutes) 
in all its stages, to ensure its quality and ensure that it performs a course in accordance 
with the education policy and the regulations in the Kingdom of Saudi Arabia. 
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1.3 Research Objectives 
This research is concerned with providing decision makers with a clear vision to realise the 
causes of inefficiency which are essential to know in order to guide any future 
improvement. In favour of achieving a competitive level of efficiency of Saudi’s private 
schools, a further in-depth study must be undertaken. In this thesis, a number of OR 
approaches are utilised to assess the efficiency in private schools of Saudi Arabia, then 
suggestions for the improvement of performance for these schools, is made. Operational 
Research (OR) techniques have presented a vital contribution in efficiency measurement 
and performance enhancement for the education sectors. This research aims to conduct 
theoretical and empirical studies that are proposed to achieve the following research 
objectives: 
1) To provide a methodological framework to assist in enhancing the performance of 
private schools. 
2) To critically apply operational research models to the case studies, in order to 
identify the key decisions of the school owners and in order to measure the 
efficiency of the schools. 
3) To suggest and develop solutions for improving the performance that supports 
policy decisions for key decision makers in Saudi’s private schools. 
4) To investigate the usefulness of the methodological framework in boosting the 
efficiency of private schools. 
The research will then also lead to practical recommendations on how to improve decision-
making in the schools whenever these performance problems present themselves. 
 
1.4 Research Methodology 
The research involves an analysis of performance enhancement of the Saudi private schools 
with the aim of suggesting a means to improve their efficiency. The research project will 
start with a literature review in the area of the models that will be used. Data will be 
collected pertinent to Saudi private schools. Case studies will be developed. These case 
studies will be analysed from an operational research (OR) perspective. Algebraic models 
will be formulated, and the following techniques utilised (see figure 1.2):  
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Figure 1.2: the techniques utilised for the analysis 
Source: Organised by Author 
 
Data Envelopment Analysis (DEA), developed by Charnes et al. (1978) will be used for 
measuring the efficiency of schools. The Analytical Hierarchy Process (AHP) developed by 
Saaty (1970) will be used to assess the importance of the relevant criteria for improving the 
performance of schools.  Goal programming (GP) developed by Charnes, Cooper and 
Ferguson (1955) will be used for efficiency enhancement of schools in the presence of 
multiple conflicting objectives, followed by re-analysing the efficiency using DEA by using 
the data that was obtained from GP to examine the value of the GP findings. Weight 
sensitivity analysis developed by Jones (2011) will be used to provide the decision makers 
with multiple solutions, to choose the best that suits with their abilities and availability of 
the resources in their schools. The findings will propose improvements in the decision-
making process and provide key decision makers with a clear vision to take into account 
the weaknesses and strengths of the main factors in schools efficiency. Conclusions will be 
drawn with respect to the case studies and to the education sector in general. 
 
1.5 Resource needs and funding 
The research has been funded by Majmaah University via the Saudi Arabian Cultural Bureau 
in London. The data collection will be undertaken via the Quality and Planning Department 
of the Saudi Ministry of Education, which has been given the responsibility of contacting 
Data 
Envelopment 
Analysis (DEA)
Analytical 
Hierarchy 
Process (AHP) 
Goal 
programming 
(GP) 
Weight 
sensitivity 
analysis 
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private schools and sending the questionnaire to them. These organisations agree to 
cooperate with this aspect of the research. The research project needs many resources to 
support it, including books, journal access, computer facilities, and software applications. 
These have been provided by the University of Portsmouth. The LINGO software was used 
to solve GP. The DEAP software, the AHP calculation software and Excel were used to solve 
DEA and AHP and for presenting graphical figures respectively. 
 
1.6 Thesis Outline 
This research primarily analyses the efficiency of Saudi’s private schools. Then the 
performance enhancements are generated followed by an evaluation of the findings. 
Operational Research (OR) models are critically applied to the case studies for the purpose 
of efficiency enhancement. This thesis is structured into nine chapters, as follows: 
Chapter 1: provides a brief description of the subject area of the research, including a basic 
background of education in Saudi Arabia, motivation, research objectives, scope, and the 
structure of the thesis. 
Chapter 2: will be a discussion regarding the literature review where this chapter starts 
with a review of the background and previous works related to the research domain, 
including application of OR in education and overviews for the use of DEA, AHP, GP and the 
combination of these models in education. 
Chapter 3: overviews generally the main methodology used in this thesis and highlights the 
research design. Furthermore, it introduces the methods utilised for data collection and 
analysis. Finally, the conclusion of the predicted outcomes will be demonstrated before 
launching the experimental chapters. 
Chapter 4: introduces the method of Data Envelopment Analysis (DEA), which is utilised for 
evaluating the efficiency of the private schools in Saudi Arabia. Concepts of Saudi private 
schools efficiency analysis will be presented. The means of model analysis will be also 
explained, and the set of inputs and outputs used are identified. 
Chapter 5: aims to realize how key decision makers from case studies set preferential 
weights based on the specific criteria provided. It contains the application of the analytical 
hierarchy process (AHP) to the school performance enhancement criteria. The summary 
and conclusion of the findings of the analysis are then introduced. 
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Chapter 6: presents the method that can deal with inconsistencies in pairwise comparisons. 
The method was introduced by Gonzalez and Romero (2003), where goal programming was 
proposed as an attractive and flexible tool for a distance-based framework, for analysing 
this kind of comparison. Regarding data analysis, computer software LINGO (version 14.0) 
and AHP calculation software, developed by Senshu University Japan (Takahagi, 2005), 
were applied as analytical tools for model solution and data analysis respectively. Microsoft 
Excel was used for storing all data and introducing all the graphical analysis. 
Chapter 7: specifically focuses on formulation and solutions of goal programming (GP) 
Variants for school efficiency enhancement. There are three specific GP models used for 
an analysis in this chapter as follows: Weighted, Chebyshev, and Extended. The weights of 
the goals used in GP models were obtained according to the decision maker preferences of 
the objectives and these weights were found by utilising AHP analysis (Chapter 5). The 
experimental analysis is then introduced, and from this finding the data that is changed is 
taken to examine the efficiency of these adjustments by re-analysing DEA using the data 
that was obtained from weighted GP variant. 
Chapter 8: introduces weight sensitivity analysis. Sensitivity analysis will be carried out in 
this chapter by changing the priority weights in the weighted goal programming variant. An 
algorithm for finding weight sensitivity analysis is presented and then the experimental 
analysis is introduced. 
Chapter 9: concludes by discussing key findings derived from the research questions, major 
contributions, and limitations of this research. At the beginning of this chapter, the key 
findings of this research obtained from the analysis of the results are discussed in detail, 
based on the research objectives that are described in Chapter 1. The research 
contributions are then discussed. Finally, areas of further research are given. 
 
1.7 Seminars and Conferences Presented 
I undertook following seminar, conference and journal writing activities in the course of my 
PhD study in order to develop my skills and to enhance my knowledge: 
‘’ Efficiency measurement and enhancement in schools’’ – presented at Research Seminar 
LORG Department of Mathematics, University of Portsmouth. 
‘’ Efficiency measurement and enhancement in schools’’ – presented at the OR59 
conference in Loughborough university. 
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‘’efficiency improvement of private education schools in the kingdom of Saudi Arabia using 
a mixed methodology approach’’ – paper in preparation to submit to a peer-review journal. 
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Chapter 2 Literature review 
Introduction 
This chapter gives an overview of relevant research in order to identify the current 
knowledge which underpins the research topic and to discover areas where additional 
research needs to be tackled; what are the gaps in the research?  
This review firstly explores various applications of operational research in the field of 
education. Second, the operational research models that are utilised in this project which 
are Data Envelopment Analysis (DEA), The Analytical Hierarchy Process (AHP) and Goal 
programming (GP) and its application in various contexts are described. Third, the relatively 
small body of work relating to the combination of DEA, AHP and GP techniques is reviewed.  
The final section provides the summary that draws out a description of gaps in the current 
research literature.  
 
2.1 Application of Operational Research in Education: 
Operation Research (OR) is a collection of analytical methods that enhance decision-
making. OR is a modern applied science, which has had widespread success in education as 
well as many other fields. Brans & Gallo (2007) and Ormerod & Ulrich (2013) defined OR as 
a human activity in which OR workers engage with other humans to improve human-
activity systems. De Gooyert et al. (2017) introduced that OR copes with management 
problems and eventually suggested solutions need to be implemented. OR techniques have 
been valuable in solving various problems and providing effective solutions for schools and 
higher education institutions, and have been widely used to address a variety of issues, 
including timetabling problems (Kheiri & Keedwell, 2017), salary adjustment (Sun, 2002), 
resource allocation (Dimitrov et al., 2014), measuring efficiency (Ramzi et al., 2016) and 
course planning (Hassan, 2016). 
The reason behind the need for OR techniques is that it makes sense to make the best use 
of all available resources. Today’s global markets and instant communications mean that 
customers expect high-quality products and services whenever and wherever they need 
them. Organisations, whether public or private, need to provide these products and 
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services as effectively and efficiently as possible. This requires careful planning and detailed 
analysis of the hallmark of good OR. This is usually based on process modelling, analysis of 
options or business analytics (Lancaster University, 2014). Applications of OR in the 
education field are significant and have been addressed using one or two of the OR models.  
The methodology of OR to solve a problem is represented in figure 2.1.  
 
 
Figure 2.1: The Methodology of OR 
Source: Organised by Author 
 
Johnes (2015) discusses the application of operational research to education. He built a 
survey providing an overview of how to address the problem faced by government, 
managers and consumers of education using operational research techniques which have 
been utilised to enhance operations and find solutions. In his research, various areas of 
education clearly show the techniques which have been applied to address them. With 
regard to efficiency and performance measurement, multi-criteria decision analysis 
(MCDA) is a branch of OR which presents suitable methods for application in these 
situations. (MCDA) has been considerably utilised for supporting significantly complex 
decisions in both public and private organisations (Montibeller & Franco, 2010).  
The most well-known technique for the solution of multi-criteria problems is Goal 
Programming (GP) which is initially proposed by  Charnes et al. (1955) and further 
developed by several authors, (Ijiri, 1965), (Lee, 1972), ( Ignizio, 1976), (Romero, 1991), 
among others. GP has been shown to have several applications with regard to resource 
allocation. Lee & Clayton (1972) develop a GP model for optimal allocation of resources in 
higher education institutions. Their study shows three possible outcomes of the model’s 
Problem Analysis
Solution 
Development
Solution 
Validation
Implementation
Evaluation
Operations 
Research 
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application in a college of business. The three results are based on the importance of goals 
as assigned by the dean of the college. A similar approach was used by Papageorgiou (1978) 
for allocating resources in the school system at the primary and elementary levels in a less 
developed country. In addition, the method has been expanded to make decisions 
regarding (a) how to assign available resources between the various subsystems of the 
educational system (and, within each subsystem, amongst its various elements), (b) the 
quality of education that the country can afford, and (c) various degrees of development 
which come at a financial cost. The difference between Lee & Clayton's (1972) approach 
and Papageorgiou’s (1995) is their differing classification of the goals. 
Kwak & Lee (1978) use a zero-one GP model for resource allocation in Catholic Universities 
in the United States. They develop zero-one GP models in order to improve technology 
infrastructure, elevating the university's academic computing. They also use the objective 
function to minimise the sum of unwanted deviations from the goals. There are seven 
priorities, and the objective function refers to the order of the priorities of the stated goals. 
Four network connectivity alternatives were prioritised based on four criteria, and Pairwise 
comparison matrices were used to estimate the relative importance of these criteria by 
using the Analytic Hierarchy Process. The next section represents the analytical techniques 
used for data and system analysis. This research will use measurement technique and 
multiple criteria decision-making approaches in order to apply them to decision-making 
regarding efficiency enhancement for the case studies. 
One of the most widely used nonparametric methods used to evaluate the efficiency of 
decision-making units (DMUs) is DEA. The application of DEA in education caught the 
interest of many researchers in the early stages of its development. This may be due to 
Charnes et al. (1981), who applied DEA to examine the efficiency of program follow through 
– a comprehensive experiment in public school education. Recent research has been 
undertaken by Santı & Sicilia (2015) in order to calculate the efficiency of public schools in 
Uruguay. The main aim of their research was to find out if Uruguayan public secondary 
schools are efficient and to investigate what measures should be taken in order to increase 
school efficiency. The paper details the use of a two-stage DEA approach, with the average 
results in reading and mathematics as outputs, and parental education, school educational 
resources, and proportion of fully certified teachers, as inputs. The results show that 
educational efficiency in Uruguayan high schools declines by nine percentage points 
between 2009 and 2012. The authors find that, in order to decrease the inefficiencies in 
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assessable public schools in Uruguay, the focus of the institution should be on reducing 
grade-retention levels, promoting teaching and learning techniques that enhance students’ 
mathematical study skills, and assessing students continuously through tests and 
homework throughout the academic year.  
Blackburn et al. (2014) evaluate the efficiency of selected Australian primary and secondary 
schools by using DEA, and examine the connection between school inefficiency and its 
causal elements. Dharmapala et al. (2007) describes the implementation of goal 
programming (GP) and data envelopment analysis (DEA) in an Arabian Gulf university. They 
developed two models, one for market adjustment and the other for merit adjustment. 
Their study may have been the first time DEA was applied in faculty salary equity 
adjustment. Sun (2002) proposed a similar method, in which a multiple-objective 
programming approach is developed for faculty salary equity adjustments. However, the 
model and the structure of the issue is considerably different from Dharmapala et al. In the 
work carried out by Dharmapala et al. they handle the market and merit adjustment 
separately, while in Sun's work they are handled together. 
With a little effort, a decision maker can make 'pairwise comparison' discernment between 
two objectives instead of directly assigning a weight set, which is necessary for 
conventional goal programming (Jones & Tamiz, 2010). The Analytic Hierarchy Process 
(AHP) is the most well-known pairwise comparison method (Saaty, 1980). AHP applications 
in education are arranged from selection, evaluation, allocation, planning and 
development, to the decision-making which they have been sorted by Vaidya & Kumar 
(2006). However, most of the AHP applications in education have concentrated on higher 
education, and few are related to schools. Badri et al. (2016) used AHP in assessing Abu 
Dhabi schools. They focused on the performance evaluation system derived from 
inspections, and examine its implementation in the Abu Dhabi Education Council private 
schools system.  
Ahmad & Hussain (2015) and Ahmad & Hussain (2017) examine the attraction factors of 
international students in choosing United Arab Emirates (UAE) as a study destination for 
higher education. They made two studies, one for an international student and the other 
for a student who came from the African continent. In their two studies, the same approach 
was used to identify the factors which influenced the destination choice of these students, 
which is a push–pull model, while the AHP was used to determine the relative importance 
of these factors. The studies show that seven factors inspired the choice of international 
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students, these were: learning environment, cost issues, the reputation of an institution, 
personal development, recommendation, socio-cultural proximity and government 
initiatives. Whereas, five criteria influenced the African student to pursue higher education 
in UAE institutions, these were learning environment, cost issues, the reputation of an 
institution, key influencers, and geographic proximity. The findings indicated that the 
learning environment, cost issues and institutional reputation were viewed as the most 
important factors in influencing the international student’s decision to study in UAE, while 
learning environment, geographic proximity, and key influencers are considered as the 
most important factors in influencing the African student’s selection of UAE as a study 
destination. 
 
2.2 Data Envelopment Analysis (DEA): 
Data envelopment analysis (DEA) is a nonparametric method that has been widely used to 
evaluate the efficiency of decision-making units (DMUs) of non-profit organisations in 
education or other fields (Emrouznejad et al., 2008; De Witte et al., 2010; Johnes, 2015). 
DMUs are a set of entities with a common set of inputs and outputs measures; it could be 
a group of people, companies, hospitals, schools, industries, or countries (Samoilenko & 
Osei-bryson, 2013). Charnes et al. (1978) originally developed DEA by applying a linear 
programming technique that transformed multiple inputs and multiple outputs into a 
scalar measure of relative productive efficiency, to establish a frontier based on the sample. 
Frontier Analysis, which allows us to take account of all the important factors that affect a 
unit’s performance to provide a complete and comprehensive assessment of efficiency, is 
designed to help a decision maker measure and improve the performance of an 
organisation. In order to ascertain the relative efficiency of each DMU in the group, DEA 
collapses inputs and outputs released by the model into a ratio of a single meta-input and 
meta-output, and utilises frameworks of linear programming to figure out the efficiency 
score for each DMU, where the level of  performance is reflective of the score obtained 
(Samoilenko & Osei-bryson, 2013). Figure 2.2 defines the efficiency score with multiple 
input and output factors. 
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Figure 2.2: DEA method overview 
Source: Organised by author 
 
 Johnes (2006)  described that DEA is a non-statistical and non-parametric method which 
does not demand any assumptions connecting to the distribution of inefficiencies or the 
practical form of the production function. In addition, Abbott & Doucouliagos (2003) 
defined DEA as an analytical technique that can be utilised to aid in evaluating a high level 
of performance using resources throughout a set of the same organisations. The value of 
DEA lies in its power to comparatively evaluate the individual performance, or efficiency of 
DMU, into a particular set of interest that connects in a specific application department, 
such as the banking industry, health care industry, agriculture industry, transportation 
industry, and education domain (Liu et al, 2013). 
Efficiency in education has been extensively applied at different teaching levels. These 
applications focused either at the university level or the school/high school level (Witte & 
López-Torres, 2015), an example of which that shows similarity to the case study in this 
research, is detailed in the remainder of this subsection. Andersson et al. (2017) consider 
technical efficiency and productivity for Swedish higher education institutions (HEIs) using 
the DEA approach. In addition, this study tackles some of the data restriction issues 
determined in previous investigations. The research aims to examine the relative efficiency 
of 30 universities and university colleges in Sweden between 2005 and 2008. The findings 
reveal that the inefficiency average is 12% and a productivity rise to approximately 1.7% 
per year. One of this study’s uniqueness from previous research, is the demonstration of 
𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑜𝑢𝑡𝑝𝑢𝑡
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𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑠𝑢𝑚 𝑜𝑓𝑜𝑢𝑡𝑝𝑢𝑡
𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑠𝑢𝑚 𝑜𝑓𝑖𝑛𝑝𝑢𝑡
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the significance of taking into account the variations in educational domains when 
analysing efficiency scores. Finally, this finding could have a benefit in reallocating public 
budgets in the educational sector.  
Alabdulmenem (2016) presents the relative efficiency of 25 public universities in Saudi 
Arabia using the DEA approach. The aims of this study are to find out the public universities 
in Saudi Arabia that have an ability to maximise their resources in producing academic 
outputs. Furthermore, it explores which of these universities in the sample have to be 
enhanced in their current programs, planning and policies, in order to improve their 
outputs. The study used faculty and administrators as input variables, while the number of 
new entrants, number of enrollees, and number of graduates were output variables. The 
results show that 10 universities were inefficient whereas 15 were efficient. 
Al-Shayea (2014) used the DEA method to examine the technical efficiency of 17 schools in 
the Qassim district of Saudi Arabia for the year 2011. The DEA model included the number 
of students who passed the school district’s standardised tests as the output variable, and 
the number of students per school, the annual expenditure per student, and the number 
of teachers per school, as inputs variables. Applying an output oriented efficiency assuming 
variable returns to scale, the study discovered that 0.963 is the average efficiency; six 
schools were fully efficient while in the constant returns to scale method, only five schools 
were efficient with the mean efficiency of 0.957. The scale efficiency presented that 58.8% 
of schools have a satisfactory economic size. The results conclude that Qassim district 
schools could accommodate more students.    
Burney et al. (2013) utilised DEA to measure the technical and allocative efficiency of public 
schools in Kuwait over four levels of schooling (kindergartens, primary, intermediate and 
secondary) and two periods (1999/2000 and 2004/2005) in two stage analysis. In the first 
stage, technical and allocative efficiencies were obtained where the inputs used are 
number of teachers, number of administrative staff and number of classrooms whereas the 
outputs used are number of enrolled students and number of pupils satisfactorily 
completing school. The result indicates that Average pure TE, varies between 0.695 and 
0.852 over the two years and across all levels of education. In the second stage, potential 
determinants of school efficiencies were investigated where in this stage the 
characteristics of the school which affect the efficiency were examined.  
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2.4 Analytic Hierarchy Process (AHP): 
The Analytic Hierarchy Process (AHP), introduced by Saaty (1980),  has been studied 
broadly and used in various applications associated with multiple criteria decision-making 
(MCDM) in the last 20 years, in fields such as government, business, industry, healthcare, 
and education. The AHP is a model for dealing with a complicated, non-organised problem, 
to convert it into its component parts, and organising those parts, or variables, into a 
hierarchical order. This technique is based on specifying numerical values to individual 
judgments based on the relative importance of each variable, and then incorporating 
judgment to identify the highest priority of the variables ( Saaty, 1994). AHP is a methodical 
model to show the framework of clear methodology obtained from mathematical structure 
for decision-making based on experience, obviousness and heuristics. The AHP is an 
accepted methodology that has evidence in theoretically practice that is capable of 
creating a solution for a problem that matches with perceptions and assumption (Bhushan 
& Rai, 2004). However, there are also some criticisms of the AHP methodology in the 
literature, particularly with respect to the rank reversal phenomenon (Belton, 1986) which 
indicates a swapping of rank of two alternatives when a third is added. As this work uses 
only a defined set of criteria and not alternatives, this is not a relevant concern in this thesis.  
The major goal of the AHP is to choose an alternative that best suits with the available 
criteria, out of a set of alternatives, or to identify the weights of criteria in any application. 
It sets the weights of elements at each level of the hierarchy considering a goal that utilises 
the decision maker’s understanding and experience in a matrix of pair-wise comparison of 
attributes (Oguztimur, 2010). Many studies have applied the AHP as stand-alone 
methodology such as Bahurmoz (2003) who use the method to evaluate candidates who 
are the best to send overseas to do graduate study, and eventually become a teacher in 
Dar Al-Hekma women’s college in Jeddah, Saudi Arabia. Also, Ognjanovic et al. (2016) used 
the AHP to forecast student course selection in higher education. This study was managed 
on a dataset derived from student course enrolments in a Bachelor of Arts (BA) degree in 
Psychology at a research-intensive university in Canada. The program investigated of some 
47 courses offered across two semesters – winter and summer.  
There are limited studies related to performance enhancement in the literature where AHP 
could be used to evaluate the criteria of improving the performance. However, the 
following studies are closely related to this project based on the field of education. 
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Melón et al. (2008) present the estimation of proposals on Projects of Educational 
Innovation. The purpose of this study is to evaluate the proposals of Educational Innovation 
Projects using indirect assessment of weights using AHP, and direct assessment of weights, 
and comparing the differences between them. In their work, they define a procedure for 
the assessment, considering the multiple criteria and the judgments of various experts who 
were to guide the decision-making body – the Institute of Educational Sciences. They acted 
in two ways, one based on face-to-face meetings, and the other was meetings from a 
distance using computers, where the experts have given their individual judgements. They 
concluded that with the AHP method, weights are more widely spread than with the direct 
assessment method. 
Güler et al. (2015) propose an integrated analytic hierarchy process (AHP) and goal 
programming (GP) model for task assignment of the Teaching Assistants (TAs) in an 
industrial engineering department. The contributions of this study are based on three 
points. Firstly, to inform the concept of difficult tasks. Secondly, to give the TAs chance to 
express their priorities about their colleagues as well. Thirdly, they state that finding an 
assignment that satisfies a larger number of PhD student TAs is a challenging task due to 
their extra expressed preferences. Subsequently, they maximise the minimum interest 
level as well as the total utility level. The utility is combined into the model in two different 
ways. In the first model, the total interest is maximised, while in the second model the 
minimum interest is maximised. In order to find the priorities of the deviations from the 
constraints, AHP is implemented where the preferences of each deviation are made by the 
vice chair of the department who is responsible for TA-task assignments. As it is shown 
from the numerical results, the two models integrated better TA-task assignments when 
compared with the manual assignments, and both of the models overcome the issue of 
sticky task which is accomplished by the same TA for several years. This research is an 
extension of the work by Ozdemir & Gasimov (2004) where a nonlinear multi-objective 
Faculty–course assignment model is presented.  In both studies, the preferences values are 
identified by AHP and the same result methodologies are shown for the solution of the 
models. 
Ho et al. (2007) present an integrated approach for the resource allocation problem in 
higher education with the aim of enhancing the performance of a university, addressing 
the projects selection issue without overtaking available resource, using AHP and GP. In 
order to find out what is the best project to be carried out, the decision makers use AHP to 
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take into consideration the relative importance of projects, first considering the university's 
goal: teaching, quality, and consultancy. After that, they implemented a GP model with 
more attention to the importance of projects and the availability of resources. In their 
study, the resources are finance, space, and time. Finally, they found that four projects 
were selected to be the best, these were establishment of an industrial centre, 
establishment of E-learning system, establishment of library information system, and the 
establishment of incentive scheme. These projects are the most significant factors for 
improving the performance of the university. 
Other studies are integrated with MCDM such as Sedzro et al. (2012) where they apply the 
AHP, integrated with a mean variance optimisation and goal programming model to 
allocate assets within a portfolio, considering both market conditions and investors’ 
preferences, proving that the AHP is especially acceptable when the decision to be made 
includes comparison of elements that are subjective or complex to identify. 
 
2.3 Goal programming (GP) 
Goal programming (GP) is  assumed to be the most widely utilised method of multi-criteria 
decision analysis as stated from Orumie & Ebong (2013) where it has been used extensively 
in many areas such as banking (Halim et al., 2015), funds allocation (Zamfirescu & 
Zamfirescu, 2013), higher education (Hamid et al., 2016), resource allocation (Ho et al., 
2007) and plants performance (Petridis & Dey, 2016). Rifai (1996) reveals that GP has the 
benefit in enhancing the efficiency of the decision-making process of any system. GP is a 
branch of multi objective optimisation, which in turn is a branch of multi-criteria decision 
analysis (MCDA), also known as multiple-criteria decision-making (MCDM). GP models can 
be viewed as an extension of linear programming models, but whereas linear programming 
can handle one objective, goal programming minimises unwanted deviations from a set of 
goal targets. Orumie & Ebong (2013) stated that the major principle of this technique is the 
attainment of a satisfactory level of the objectives of the problem by meeting the goals as 
closely as possible. 
The goal programming technique was originally developed by Charnes et al. (1955). It is 
considered as the most practical method by Mustafa & Goh (1996). They presented pre- 
1996 articles relating to MCDM techniques; of these 62 articles which included journal 
articles, conference papers, book chapters and PhD theses, determined to use the MCDM 
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techniques, observing that 60 percent of the articles discussed MCDM methods such as 
goal programming, whereas 40 percent discussed MCDM methods such as AHP. An 
annotated bibliography of the period 1990-2000 was introduced by Jones & Tamiz (2002). 
A comprehensive overview of practical goal programming techniques is given by Jones & 
Tamiz (2010) in a textbook. 
 
2.3.1 GP Variants 
- Weighted goal programming 
Weighted or non-pre-emptive goal programming (WGP) should be used if the decision 
maker is more interested in direct comparisons of the objectives (Orumie & Ebong, 2013). 
Therefore, this variant allows for direct trade-offs between all the deviational variables to 
give preference by ordering them in a weighted way to provide the priority, through 
utilising a comparison, direct or pairwise (Jones & Tamiz, 2010). There is a dramatic 
increase in the use of weighted goal programming as recorded in the literature; pre-1990, 
application papers were equal to 25%, whereas its use in the period 1990–2000 is 41% ( 
Jones & Tamiz, 2002). The flexibility of this variant and the aim of the decision makers to 
do more  comparison analysis of the goals has led to an increase in the variety of weighted 
goal programming applications (Orumie & Ebong, 2013). 
 
- Lexicographic goal programming 
The Lexicographic goal programming variant was used extensively in early goal 
programming formulation (e.g. Lee, 1972). The initial goal programming formulations 
ordered the unwanted deviations into a number of priority levels, with the minimisation of 
a deviation in a higher priority level being infinitely more important than any deviations in 
lower priority levels (Romero, 2001). This is known as Lexicographic (pre-emptive) or non-
Archimedean goal programming. Lexicographic goal programming should be used when 
there exists a clear priority ordering amongst the goals to be achieved (Jones & Tamiz, 
2010). 
 
- Chebyshev goal programming 
The Chebyshev goal programming model was introduced by Flavell (1976). The aim of this 
variant is to minimise the maximum unwanted deviation, rather than the sum of deviations. 
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Consequently, Chebyshev goal programming is occasionally described as Minmax goal 
programming. This utilises the Chebyshev distance metric, which emphasises justice and 
balance rather than ruthless optimisation. Chebyshev goal programming has the potential 
to give the suitable solution for decision makers who are concerned with obtaining a 
balance between the competing objectives (Jones & Tamiz, 2010). 
 
- Extended goal programming 
The extended goal programming model was introduced by Romero (2001, 2004). This 
variant is appropriate when the decision maker seeks to examine the trade-off between 
optimisation and balance by parametric analysis (Jones et al., 2016). 
The processes of this goal programming model, is based on three types of analysis which is 
firstly to identify the resource that is needed to attain a required set of goals. Second is to 
determine the level of achievement according to the available resources. Third is to 
determine the optimal solution throughout a different value of resources and different 
weights of the objectives. The GP model endeavours to minimise the deviations between 
preferred objectives and the recognised solution. These objectives can be weighted 
according to their importance. In order to quantify these weights, every goal is converted 
to an equation with deviational variables allocated to it; these can be positive or negative. 
The formulation of the GP model can include two types of constraint: hard and soft 
constraints. The hard constraints should be strictly met before the soft constraints, as the 
formal one is restrictive in nature and the latter signify the obtainable solutions – more 
than what would be achieved. In goal or multi objective programming, a portion of weight 
space that is of preferential interest to the decision maker, could be investigated by utilising 
a weight sensitivity algorithm to yield multiple solutions for consideration by the decision 
maker. This algorithm develops by Jones & Tamiz (2010), subsequently revised by Jones 
(2011), who developed an algorithm, that effectively takes into account the preferences 
that the decision maker determined. This algorithm will be utilised in this research to 
provide multiple choices for the school’s managers from which to choose their optimal 
solution.  
For the sake of obtaining the rank of the importance of various goals, Khorramshahgol et 
al. (1988) and Gass (1986) suggested using the analytic hierarchy process (AHP). Badri & 
Abdulla (2004) indicated that ‘good decisions are most often based on consistent 
judgments’. Bhagwat & Sharma (2009) uses Lexicographic goal programming (GP) and the 
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analytic hierarchy process (AHP), proposing an integrated methodology to evaluate the 
performance of supply chain industries in the western part of India. The AHP method is 
used to weight the various supply chain management performance evaluations, based on 
three criteria which are strategic, tactical and operational. Then Lexicographic goal 
programming variant has been applied to find the optimal solution to the problem. The 
objective functions of the LGP model are maximisation of strategic level performance 
assessment, maximisation of operational level performance assessment and maximisation 
of tactical level performance assessment. The rank of these objectives has been weighted 
based on the AHP analysis. The results show that the combination of the AHP and LGP 
variant can be valuable to all supply chain industries in their performance evaluation 
decisions. 
 Kwak & Lee (1998) presented the combined AHP-GP approach to deal with the problem of 
allocating higher education institution’s resources to IT-based projects. Firstly, the AHP was 
used to obtain the relative importance weightings of four criteria: risk, performance, 
conversion, and development. Secondly, based on the AHP weightings, the GP was adopted 
to find out the ideal combination of projects to invest in. Sensitivity analyses are applied to 
progress the model applicability.   
While the GP approach has been widely used in the education literature, there are not any 
studies in which GP have been utilised to enhance the performance of schools. However, 
there is a significant range of educational applications of goal programming. Amongst those 
relevant to the case study presented in this research, Hassan (2015) developed a weighted 
goal programming model to boost the distribution of students into academic programs of 
a department, considering the expertise of academic staff, student capacity of each 
program, admission policies and financial allocations. According to the results that he 
obtained, the approach can be utilised for incoming distribution of students to academic 
programmes of a department. 
Fang & Li (2015) presented the methodology of combining DEA-GP approach for optimal 
and efficient facility location-allocation problems, they then applied the uniqueness of this 
method in an example to demonstrate the productiveness and the efficiency of the 
presented model. Initially the DEA method was utilised to assess the relative efficiency of 
each prospective location and then utilise goal programming to combine the efficiency 
obtained from DEA as an objective. Findings proved that integrating DEA with GP models 
were effective and efficient to investigate the optimal solution in facility location-allocation 
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problems, where they have a significant advantage in enhancing the performance in 
various applications. The suggested model was also found to be adaptable and adequate 
to take into account further particular location decisions such as emergency facilities, 
undesirable facilities and supply chain design.  
 
2.5 Combination of DEA, AHP and GP Techniques. 
Jones & Tamiz  (2010) discussed the way in which goal programming has been integrated 
with other techniques within the wider fields of multi-criteria decision-making or 
operational research. They identify the main integration of AHP and GP methods. The first 
was to utilise the AHP to define goal programming preferential weights for Weighted, 
Chebyshev or Extended variants. This method was first used by Gass (1986) in the situation 
of military planning. The second, goal programming, is used to determine the AHP weights, 
which is an alternative to the eigenvector method. The first method will be that carried 
forward to the combination of DEA, AHP and GP, as developed in this research. There are 
several applications of integrating AHP with GP in the literature, in various fields – they are 
discussed in AHP section. 
The integrating of DEA and GP is presented by Jones & Tamiz (2010) who pointed out the 
work of Cooper (2005) who clarify the similarity and differences of the two techniques, and 
state that goal programming is mainly a planning technique, while DEA is an assessment 
and control technique. An example of study using this purpose for the combination is 
discussed for Dharmapala et al. (2007) who used goal programming as a planning method 
and DEA as an evaluation tool in field of education. Subsequently, Jones & Tamiz (2010) 
identify another possibility whereby DEA is utilised to evaluate a set of units, and therefore 
GP is used to overcome any inefficiencies determined by the DEA analysis. 
Numerous researchers e.g. Belton & Vickers (1993), present the connection between DEA 
and Multi-Criteria Decision Analysis (MCDA): ‘Indeed in common with many approaches to 
multiple criteria analysis, DEA incorporates a process of assigning weights to criteria’. In the 
previous research study, it is concluded that the DEA is the widely used method for 
performance measurement, whereas the AHP is the most popular method to deal with 
multi-criteria decision-making (Ramanathan, 2006). Integrating DEA with AHP could be 
useful in terms of ranking decision-making units with multiple outputs and inputs. The AHP 
and DEA have each been used extensively for higher education performance evaluation. 
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Mimovic & Krstic (2016) and Sahney & Thakkar (2016) are examples of this type of 
approach in the context of evaluating the performance of higher education institutions. 
Furthermore, Thanassoulis et al. (2017) presented a framework for higher education 
teaching evaluation by combining AHP and DEA. This study uses AHP to define criteria 
preferences of teaching performance, while DEA are used to drive targets of performance 
for each tutor. Another possibility of combining AHP with DEA is to use DEA to assess the 
efficiency of a set of units, while AHP is used to weight or rank a set of potential objectives 
or a set of actions. Yadav & Sharma (2015) is an example of this kind of methodology in the 
field of supplier selection. The latter combination will be used in the integration of DEA, 
AHP and GP methodology developed in this research, as the DEA will utilise the efficiency 
measurement first followed by the AHP and GP, to evaluate the performance. 
While the DEA, AHP and GP have been widely used separately or a combination of two of 
them in one study, there are only a limited selection of integrations of the three models in 
one study. Jatuphatwarodom (2015) combined DEA, AHP and GP to supply chains and 
inventory management, for Thailand’s Silk industry. AHP was first used for deriving 
effective preference from the companies. He then performed DEA for evaluating the 
efficiency of suppliers and inventory management processes, before GP was utilised to 
select a set of specific actions for improving unit efficiency. Kengpol et al. (2014) integrated 
DEA, AHP and GP to optimise a multimodal transportation route which can reduce cost, 
time, environmental impact and transportation risk in a multimodal transportation system. 
They utilise DEA to assist an AHP-based risk analysis. This was followed by performing a 
further AHP to prioritise criteria, before finding the optimal routes using a binary weighted 
goal programming model.  
Jablonsky (2012) combined the three models, where DEA is used for measuring the 
efficiency in DMUs and GP and AHP are utilised for ranking the efficiency of inefficient units 
–the use of the resulting methods are demonstrated on a financial application. Kumar and 
Babu (2012) integrated the three models for evaluating supply sources, where the AHP is 
utilised first in order to obtain the priority scores for each vendor. Thereafter, the DEA is 
used to determine the relative efficiency of the vendors. After that, using an input from the 
AHP result that forms for GP to identify the appropriate source for the given targets of the 
outsourcer.  Bae and Lee (2011) used the DEA model in a military application in order to 
classify helicopter pilot risk. After that, they use an integration of AHP and GP whereby they 
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follow the concept of Gass (1986) in order to prioritise the criteria, and allocate pilots to 
helicopters respectively.  
2.6 Summary of Gaps in Research Literature 
Saudi Arabia is one of the countries that allocates a substantial amount of government 
resources for education. Therefore, education in Saudi Arabia has received considerable 
attention from the government in the hope of finding the key to improving the 
performance of schools, which is essential to economic development. However, education 
in Saudi Arabia has been criticised due to the quality of teachers, their salary, and the 
curricula and resources used (Khashoggi, 2014; Lindsey, 2010). These criticisms are 
consistent with the case studies in the literature review, which identified the key 
constraints on educational efficiency as the quality of teaching, the effectiveness of 
teachers, the classroom, and the building of schools. Tyagi et al. (2008) also propose that 
the quality of the teachers and the facilities are key elements of improvement in the 
schools. 
Although the literature reviewed important issues of efficiency in education and other 
research areas, there are few research projects in Saudi Arabia which study in-depth, the 
current major problems and constraints in Saudi schools. Most similar studies research the 
efficiency of banks, such as the one conducted by Assaf et al. (2011). One of the previous 
studies, conducted by Al-Shayea (2014) evaluated the technical efficiency of 17 schools in 
the Qassim district of Saudi Arabia. This study used the number of students who passed 
the school district’s standardised tests as the output, and the number of students per 
school, the annual expenditure per student, and the number of teachers per school as 
inputs. The difference between our measurement using DEA and the Al-Shayea study are 
that outputs used in this project consist of the quality of education and services provided, 
fee income as our project focused in private schools and the number of enrolled students 
where it categorised as an input in the Al-Shayea study. However, there is a great level of 
connection between pupil and graduate numbers in the schools context, and consequently 
student number or variable associated with enrolment have been used to perform teaching 
outputs in a number of empirical studies as Burney et al. (2011). In addition, our study in 
measuring the efficiency used salary bills and the type of building as inputs which has not 
been considered by other studies. 
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For the goal programming models, most of the educational studies focus on resource 
allocation and timetabling problems. Efficiency enhancement has not been considered yet 
in the literature in the field of education using the three variants of GP in this thesis, which 
are Weighted, Chebyshev and Extended. Basically, there is no study in education planning 
that utilises the 𝐿∞ distance metric like the Extended or Chebyshev goal programming 
variants. This is an important omission as the 𝐿∞distance metric is associated with the 
principles of equity and fairness, which should be of importance in the context of 
educational planning. Furthermore, there is no study that includes iterative methods like 
this study where the GP finding are evaluated by using DEA a second time in order to 
evaluate the efficiency of the findings. All the previous DEA/GP literature used a single 
iteration. 
 There is hardly any literature that has integrated DEA, AHP and GP. Furthermore, there is 
a lack of research that has combined DEA, AHP and GP models in the field of education and 
particularly of a school’s performance. This study contributes to filling this knowledge gap 
by developing a method for performance evaluation using DEA, AHP and GP. Conducting 
more research into education efficiency will help to improve private schools in Saudi, with 
transferability to the wider field of global education. 
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Chapter 3 Research Methodology 
3.1 Research design and data description 
The real practicalities of accomplishing the research objectives or finding answers for 
research questions require 'research design' which is the overall procedure for addressing 
research objectives and strategies for boost the research integrity (Polit & Beck, 2010). The 
conducted research is primarily quantitative in nature. Consequently, the research design 
and theoretical substructure has been utilised quantitative techniques. In order to achieve 
the objectives of this research, various information has been obtained. The information 
that related to the efficiency measurement is purely quantitative and have been provided 
by the participating schools. Therefore, a close-ended questionnaire and telephone 
interview has been developed to allow the participants to answer relevant questions 
pertaining to technical and preferential data. In the first stage, a survey has been built for 
determining the perceived efficiency and performance of private schools. It has been sent 
via email to the schools; around 400 schools have been given a questionnaire. Data 
collection has been implemented through the Quality and Planning Department of the 
Saudi Ministry of Education, which has been given the responsibility of contacting schools 
and sending the questionnaire to them. The data which has been obtained by email from 
schools in the Riyadh province has been received from the manager of schools. 
 The questionnaire consists of one section that asks eleven DEA-related questions. In the 
second stage, school's managers have been questioned by a telephone call in order to 
confirm that the important objectives of improving Saudi schools are acceptable, which 
was needed to take place before another survey has been built, for comparative judgments 
of private school performance. Data analysis techniques have been employed for the 
interpretation and verification of collected the first and second data. The second 
questionnaire consists of two sections, one for collecting general information as school 
information which required to be answered. This information aims to obtain numerical 
information regarding teacher and students data for further calculation in the GP analysis 
(see Chapter 7). Other section concerns the AHP pair-wise comparisons. The pairwise 
comparisons made were between the five criteria under the performance enhancement. 
These pairwise comparisons established the importance of one element over another. In 
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this case, the criteria were compared to each other in relation to the effect that they would 
have on realising the enhancement of the performance. The case study in this research 
consists of 57 private schools for efficiency measurement and 12 of them for the 
performance enhancement. According to the limitation of the data for all 57 schools, only 
12 schools have completed the questionnaire that was sent to them, and hence only these 
12 schools contributed to the enhancement performance analysis. 
 
3.2 Research Structure 
In the previous section research design and data description has been discussed, which 
will be followed by the research method in this section.  Figure 3.1 shows the research 
flow chart that has been carried out, and is followed by a brief explanation of each phase. 
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Figure 3.1 Framework of the Research Structure 
Source: Organised by author 
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According to figure 3.1, stage I is the literature review in which the problem that this 
research seeks to address has been clarified, in favour of finding appropriate literature to 
support the research; a clear vision has been provided to understand the three models that 
has been used. In addition, the variables (described in Chapter 4) that reveal the existing 
problems in schools, have been identified in order to obtain appropriate outputs and inputs 
for efficiency measurement in stage II.  
Stage II is the efficiency analysis using a DEA model for private schools. This descriptive 
analytical method has an advantage of providing decision makers with a clear vision to 
realise inefficient factors which could be essential for improvement consideration. After 
considering efficient and inefficient schools, a subset of these schools has been chosen 
based on the availability of the data that is necessary to apply these two models in order 
to improve schools performance; this subset has been discussed in the following two 
stages. 
 Stage III is the weight calculation using the AHP method. This process identifies the weight 
of the relevant criteria which was taken from a telephone call where it was made to school 
managers. The discussion elements were about the criteria that influence the improvement 
of schools performance. These weight analyses have been used for determining the 
importance of the objectives for improving the school performance, for use in the goal 
programming analysis in stage IV.  
Stage IV is the prescriptive analytical multi-objective optimisation for enhancing the 
performance of schools. This process aims to suggest solutions to key decision makers for 
improving the performance of schools in line with their elicited preferences, followed by 
Re-Analysis of the optimal solution by using DEA in the final stage (stage V) with the aim of 
investigating how efficient these schools will be if the improvement actions selected by the 
goal programming model are implemented. In order to help decision makers by providing 
multiple solutions for this aim, sensitivity analysis is used in the final stage (stage V). This 
process has the advantage of assigning different weights to the objectives of the goal 
programming model in order to allow the decision maker to understand the multi-objective 
trade-offs involved and to provide the decision makers with multiple solutions to choose 
the best that suit with their abilities and availability of the resources in their schools. 
Therefore, the OR techniques utilised in this thesis are as follows: 
 41 
 
  1. Data Envelopment Analysis (DEA) has been used for measuring efficiency in private 
schools and assessing the efficiency changes caused by the goal programming solution. 
2. Analytical Hierarchy Process (AHP) has been used for assessing the importance of the 
relevant criteria for improving the schools’ performance. 
 3. Goal programming (GP) has been used for improving the efficiency of schools, followed 
by applying weight sensitivity analysis Jones (2011) in order to provide multiple solutions 
to boost the efficiency. 
Computer software DEAP 2.1, AHP calculation software, LINGO version 14.0 (demo) and 
Microsoft Excel (2013 edition) have been used to analyse data gathered for the above 
algebraic methods and to obtain the solution to models that has been utilised. Generally 
speaking, all three models use a questionnaire survey. The next section offers an over view 
of the questionnaire survey. 
 
3.3 Questionnaire survey 
A survey design is known as the popular strategy for gathering data and is used to collect 
data of a group of samples and analyse it quantitatively using descriptive or prescriptive 
statistics (Creswell, 2009). The questionnaire is the prevalent data gathering methods 
utilised throughout the survey strategy; the reason is that it is an  easy and efficient way of 
collecting responses from a sizeable population (Saunders et al., 2009). However, 
numerous authors like Bell (2014) criticised the belief of the ease of collecting data by using 
the questionnaire method, as they give advice to overcome the difficulties by taking into 
account that the data which is needed to be collected must meet the objectives of the 
research or answer the research questions. 
Due to the quantitative nature of the research objectives, a questionnaire is designed in 
order to specify what is to be ranked, selected and categorised to provide suitable variables 
that are appropriate in the evaluation and enhancement system. Two questionnaires have 
been built for determining the perceived efficiency and performance of private schools. It 
has been sent via email to the schools; around 400 schools have been given a 
questionnaire. Data collection has been implemented through the Quality and Planning 
Department of the Saudi Ministry of Education, which has been given the responsibility of 
contacting schools and sending the questionnaire to them. The data which has been 
obtained by email from schools in the Riyadh province has been received from the manager 
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of schools. With regard to avoiding any misunderstanding of any section of the 
questionnaire, an explanation of each question is provided, and a telephone call is made in 
order to boost the rate of the response and clarify any confusion. Those questionnaires are 
include in the Appendices A and B. Once the data has been collected the next step is 
preparing and analysing the data to be ready for implementation. 
After choosing a questionnaire as the collection data method, the next step will be how it 
is administrated. As stated by Saunders et al. (2009), there are different type of 
questionnaire which are varied according to the choice of how it is delivered, returned and 
gathered, and the means of appropriate communication (see Figure 3.2) 
 
Figure 3.2: Methods of questionnaire administration 
 Source: Saunders et al. (2009) 
 
There are two major forms of questionnaire, namely: self-completed questionnaire and 
interviewer-completed questionnaire. As stated by Maylor & Blackmon (2005), the 
difference between these two forms is the participation of an interviewer. The interviewer-
completed form has the advantage of flexibility where it can be concentrated in a specific 
subject and has the possibility of extending its meaning. In addition to that, the researcher 
could obtain more information related to that subject (May, 2011). The choice of the type 
of questionnaire is affected by various factors ranging from the responders themselves to 
the environment of the questionnaire, and the availability of the recourses. Factors such as 
designing an internet survey targeting educated persons will be presumably more 
appropriate than illiterate persons (Bryman & Bell, 2015) and a face to face questionnaire 
is more appropriate for longer questionnaire (Saunders et al., 2009). 
The present study is aimed at the performance enhancement of Saudi’s private schools. 
For the models to be tested to ascertain their reliability and effectiveness in achieving the 
objectives for efficiency evaluation, reliable data is needed for DEA which is adapted to 
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conduct efficiency analysis, an AHP method is implemented to rank the weight of the 
objectives, and the implementation of GP to obtain the optimal solution to boost the 
efficiency. Therefore, the data is obtained using a questionnaire survey where two 
questionnaires are built for the above purpose.  
 
3.4 The Case Study Method 
The case study term indicates a method of analysis and a certain research design for 
investigating any type of subject analysis such as a person, group of organisations or related 
phenomena. Typically, case studies often involve data collection in order to examine a 
problem and analysis using different techniques such as within a quantitative, qualitative, 
or mixed-method (Hayes, 2000). Yin (2013) defines the case study research method “as an 
empirical inquiry that investigates a contemporary phenomenon within its real-life context; 
when the boundaries between phenomenon and context are not clearly evident; and in 
which multiple sources of evidence are used.” As explained in the previous section, in order 
to successfully applying the three models that has been used in this research, data from 
several schools has been collected. This is necessary for the case study approach to be valid 
and clarified the requirements in terms of participating schools. 
The case study research method has been utilised by researchers widely across a several 
disciplines and areas which can be proved from many of the previously published studies. 
The case study method in one hand is allowed a researcher to explore the data based on a 
particular context. On the other hand, the case study method enables the researcher to go 
through the quantitative or qualitative statistical outcome and take into account the 
behavioural conditions and understand the recommendation for improving the present 
conditions ( Zainal, 2007). It is advantageous to use a case study approach for this particular 
research, as a single successful case study would be enough to examine the effect of some 
schools in more detailed.  In addition, the case study which is schools in this project have 
been demonstrate the three models’ potential in measuring school efficiency and 
performance enhancement. The case study has several steps for a process to be 
implemented. The steps needed to structure the case study research are: 
1. Identify and explain the research questions or objectives 
2. Determine the cases and select data collecting and analysis methods 
3. Prepare to collect the data 
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4. Gather data in the field 
5. Assess and analyse the data 
6. Introduce the report       
To conclude, researchers from many disciplines use the case study method to build upon 
theory, to produce new theory, to dispute or challenge theory, to explain a situation, to 
provide a basis to apply solutions to situations, to explore, or to describe an object or 
phenomenon. The importance of case study research lies in investigating an empirical 
subject by following a set of desired procedures. Although case study has been criticised 
for the reliability in collecting data and the results, there are numerous advantages of using 
case study methods, in that it introduces data of real-life condition and provides better 
understanding of the action that should be taken, to the detailed behaviours of the specific 
interest areas (Yin, 2013). As the aim of this research is to efficiency measurement and 
enhancement, the case study consists of private schools in Saudi Arabia. The reason behind 
the choice of this case study is related to the ease of collection the data for the models that 
has been used. The choice of the schools that are included in the case study based on the 
availability of the data and the response that is obtained from them. 
 
3.5 Conclusions 
According to the studies of the efficiency and improvement of schools, it is discovered that 
there is a lack in measurement and enhancement of the efficiency for school sector with 
salary considerations in general. In addition to that, only a limited number of papers have 
been found dealing with efficiency measurement of Saudi schools in particular while there 
is not any study that related to performance enhancement. Furthermore, the integration 
of the three models DEA, AHP and GP that have been utilised for efficiency and 
performance enhancement has not yet been explored in the context of education.  There 
is a demand for an efficiency measurement and enhancement study to discover the level 
of school’s efficiency and present the ways to take advantage of the huge resources 
sacrificed by governments, allocated to education. 
In order to explore the efficiency and improvement of private Saudi schools, this research 
has been established efficiency analysis of private schools in Saudi Arabia, especially the 
Riyadh district. Asking for opinion from the decision makers in the schools will provide the 
beneficial results from the creation of optimal solutions with regard to their preferences. 
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Conclusions has been drawn with respect to the case studies and to the private school’s 
performance in general. The results have been used to propose improvements of the 
decision-making units. This will be beneficial for parents, schools, and governments. 
Efficient schools yield better outcomes and support a higher quality of education, which 
increases the knowledge and skills of students. The knowledge from the literature 
regarding the existing Operational Research (OR) models, has been incorporated in order 
to adapt the advantageous elements to help improve the participating schools. The present 
framework has a wider application in the measurement and improvement of similar 
entities in both the public and private sectors. 
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Chapter 4 School Efficiency Measurement Using 
Data Envelopment Analysis (DEA) 
 Introduction 
The previous chapter (Research Methodology) gave a comprehensive explanation of the 
methodological models and analysis techniques implemented in this research. The aim of 
this chapter is to provide a detailed measurement of efficiency of schools, in the case study, 
by utilising DEA (Data Envelopment Analysis). This chapter will first introduce the important 
factors to consider when undertaking Saudi schools efficiency analysis. In the next section, 
the DEA efficiency and the orientation of the model analysis will be reviewed, and the sets 
of inputs and outputs discussed in order to implement an analysis. Finally, the experimental 
section will then be introduced, and the results discussed. 
  
4.1 The Concept and Orientation of the DEA Analysis 
DEA is an appropriate model to evaluate the efficiency of schools due to its flexibility, 
simplicity and the fact that it can handle multiple inputs and outputs. DEA also has an 
advantage when compared with the other similar methods such as stochastic frontier 
analysis (SFA) and Total Factor Productivity (TFP) because of its less demanding data 
requirements. In addition, applying DEA is more beneficial in the case study in this thesis 
due to the fact that it represents a frontier of "best performance" which recognises those 
efficient schools that can provide a benchmark for inefficient schools. Specifically, DEA is 
not only able to investigate the efficiency score of the units evaluated, but also to explore 
target values for inputs and outputs for an inefficient unit, thus providing a good linkage 
with the prescriptive technique of goal programming. Dutta (2012) asserts that DEA is an 
essential tool to assess the efficiency of schools in the context that it reveals a distinction 
between schools, and the results are reasonably robust.  DEA was initially developed by 
Charnes, Cooper and Rhodes (1978). It is a linear programming based technique for 
assessing the efficiency of decision-making units (DMUs) such as banks, police stations, 
hospitals, tax offices, prisons, defence bases (army, navy, air force), schools and university 
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departments. Generally, the score of efficiency is disclosed as a figure either between 0-1. 
When the score is below 1, a DMU is considered inefficient with respected to other units.  
The efficient frontier for DMUs (ABCDEFG) is shown in figure 4.1, assuming for the sake of 
illustration single combined input and output scores: 
 
 
Figure 4.1: efficiency frontier 
Source: Organised by author 
 
Units A, B, C and D show the efficient frontier, whereas units E, F and G are inefficient. E 
could become efficient by moving to the efficient frontier, increasing its outputs or 
decreasing its inputs or a combination of both. Hence, inefficient DMUs could perform a 
benchmarking process to enhance their practice. 
The DEA model, originally proposed by Charnes, Cooper and Rhodes (1978), is called the 
CCR model, which is the first and fundamental DEA model, assuming constant returns to 
scale (CRS), in other words a proportional increase in inputs leads to a proportional increase 
in outputs, which means that the production function is a straight line (Charnes et al., 
1978). In addition, there is another model which is widely used namely BCC, which was 
introduced by Banker et al. (1984), allowing variable returns to scale (VRS). The BCC model 
yields a measure of pure technical efficiency that ignores the effect of the scale size by only 
comparing a DMU to a unit of similar scale. The CCR and BCC models are still the most 
widely known and used of DEA models. The difference between the two types of 
envelopment surfaces, CRS and VRS, is the presence of a convexity constraint. The CCR and 
BCC models can be input or output oriented. An output orientation attempts to assess the 
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efficiency of a unit according to the value of the production of the outputs; the inputs will 
be set at a given value aiming to enhance those outputs to reach the level of the 
benchmark. On the other hand, with an input orientation, the efficiency of a unit is 
measured according to the inputs used to produce a set level of output and its capacity to 
reduce those inputs value to that of the benchmark (Dutta, 2012).  
The mathematical programming problem for CCR with constant return to scale and inputs-
oriented, may thus be stated as:  
Setting ur, vi to be the weights assigned to r-th output and i-th input respectively. 
xij 𝑎𝑛𝑑  yrj show quantified inputs/ outputs of unit 𝐷𝑀𝑈𝑗 
 
Min h0 = ∑vi
m
i=1
xi0 
subject to                                               
∑vixij 
m
i=1
− ∑ uryrj ≥ 0            (j = 1,… , n)
s
r=1
 
∑uryro
m
r=1
= 1 
ur, vi ≥ 0            (i = 1,… . ,m)  (r = 1,… , s) 
 
While the mathematical programming problem for CCR with constant return to scale and 
outputs-oriented, may thus be stated as:    
Max h0 = ∑ui0
m
i=1
yi0 
subject to                                               
∑ vrxrj
s
r=1
− ∑uiyij ≥ 0            (j = 1,… , n)
m
i=1
 
∑vrxro
s
r=1
= 1 
ur0, vi0 ≥ 0            (i = 1,… . ,m)  (r = 1,… , s) 
 
The mathematical programming problem for BCC with variable return to scale and outputs-
oriented, may thus be represented by:  
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Max h0 = ∑ui0
m
i=1
yi0 + c0 
subject to                                               
∑ vrxrj
s
r=1
− ∑uiyij − c0 ≥ 0            (j = 1,… , n)
m
i=1
 
∑vrxro
s
r=1
= 1 
ur0, vi0 ≥ 0            (i = 1,… . ,m)  (r = 1,… , s) 
 
A main distinction between DEA-BCC and DEA-CCR models is the addition of 𝑐0 variable 
which shows variable returns of scale. Banker et al. (1984) confirm that a DMU appearing 
as efficient in a BCC model, also appeared to be efficient in the CCR model, however, the 
opposite is not necessarily true. 
The CCR dual model can be utilised to produce not only the efficiency score but also the 
complex inputs and outputs that the assessed 𝐷𝑀𝑈𝑘 should benchmark against. 𝑗  is the 
reference weight for 𝐷𝑀𝑈𝑗 (j = 1,2,...,n) and 𝑗 > 0 means that 𝐷𝑀𝑈𝑗  is used to construct 
the composite unit for 𝐷𝑀𝑈𝑜 . The output-oriented CCR dual model is given as follows: 
 
Max h0 = θ0 
subject to   ∑jyrj
n
j=1
≥ θ0yr0                    (r = 1,2, . . , s)              
∑jxij
n
j=1
≤ xi0                                  (i = 1, . . ,m) 
j ≥ 0,              (j = 1, . . , n) 
 
There are various efficiency concepts including allocative (price) efficiency, technical 
efficiency and cost efficiency which can be evaluated using CCR or BCC models. Technical 
efficiency (TE), which will be measured in this study, is identified as the capacity of schools 
to produce the maximum outputs given the quantity of inputs they use. Basically, TE 
considers schools as productive units with various inputs and outputs. The choice of 
technical efficiency as opposed to an alternative type of efficiency is made on the basis of 
the data, where other type of efficiency requires educational resource prices and this data 
is not usually available.  In DEA, the technical efficiency (TE) of decision-making units 
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(DMUs) k is defined as the ratio of the weighted sum of outputs to the weighted sum of 
inputs (Charnes et al., 1978): 
TE0 =
 ur
s
r=1 yr0
 vixi0
m
i=1
  
subject to 
 ur
s
r=1 yr0
 vixi0
m
i=1
≤ 1,   i = 1,2,… . n for all k  
 
Where there are s outputs and m inputs; 𝑦𝑟0 is the amount of output r produced by 𝐷𝑀𝑈0; 
𝑥𝑖0 is the amount of input i used by 𝐷𝑀𝑈0; 𝑢𝑟 is the weight applied to output r and 𝑣𝑖 is the 
weight applied to input i. 
 
4.2 Concepts of the Saudi Private Schools Efficiency Analysis  
Increasing the capacity of production and making the best use of facilities and available 
resources to enhance the efficiency and productivity are the focus of concern to a lot of 
decision-makers aiming to accomplish a high level of efficiency for their units. Therefore, 
without some form of formal or informal efficiency assessment system, there is no 
successful organization or school. One aim of this research is to assess the technical 
efficiency of private schools in the kingdom of Saudi Arabia and investigate how to improve 
the inefficient schools according to their inputs and outputs, using data from the year 
2015\16 for the study. It is known that developing education can have a beneficial impact 
on an economy in terms of higher productivity, lower poverty, improved income inequality, 
better health and economic growth (Bedi & Marshall, 1999).  
In order to estimate efficiencies, the outputs and inputs data of the 57 samples out of 
around 400 private schools from the Riyadh district need to be specified. The sample does 
not include all the private schools in the Riyadh district because the necessary information 
could not be obtained from all schools. As shown below, 57 schools are sufficient to 
confidently conduct the DEA analysis. However, the selected sample is the responses of the 
schools that participated and completed the questionnaire which was sent to them by the 
researcher via the Saudi ministry of education. This may imply an average level of efficiency 
amongst responding school greater than that of the set of all schools, as more active 
schools maybe more likely to reply. Nevertheless, as the DEA analysis in this chapter 
demonstrates, a sufficient range of efficiency was gained within the 57 respondents to 
allow the methodology to be implemented. 
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The model is based on output-oriented CCR. Schools aim to operate with the available input 
resources and attempt to obtain the preferable outputs from these recourses. Therefore, 
the output-oriented DEA model is naturally the best specification. When one unit of input 
generates one unit of output in a production process, this input-output relationship is 
known as CRS.  Therefore, the CCR model is used to measure the overall technological 
efficiency of DMUs under the premise that the scale of return is fixed, while the scale of 
return in a BCC model is changeable. Therefore, the CCR model is preferred in this case 
study as the schools aim to process with the available resources and attempt to achieve 
the efficient outcomes from those resources. Thus the returns to scale are fixed for the 
case of the case study. And hence the CCR model is justified. 
 
4.2.1 The outputs and inputs of the model 
Thanassoulis (2001) stated that in DEA the resources are mostly indicated as "inputs" and 
the productions as "outputs". It should be considered that the determination of 
appropriate inputs and outputs is critical in any study. Inputs and outputs should be 
identified carefully in order to avoid errors occurring during the assessment of efficiency. 
Generally, the quantity of output is narrowed by the existing data in many studies of the 
education evaluation. In general, DMUs vary in outcomes, despite using the same inputs 
owing to their variance efficiency, of which efficiency levels are a necessary factor. 
Generally, schools utilise capital and labour to generate teaching outputs (Burney et al., 
2013). In this study, the chosen inputs and outputs are based on three factors. First, the 
most effective variables of the performance from the previous empirical studies. Second, 
the main features considered important to private Saudi schools as measures of their 
resources and performance. Finally, the availability of data and the ease of obtaining the 
inputs and outputs for the case study. 
The selected inputs and outputs for data analysis can be seen in Table 4.1 
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Variable  Explanation  
DEA model inputs 
Number of teachers  
 
The number of teachers in a school 
Salary bills The sum of the salary that is given by school 
to the teachers 
Capital expenditure How much schools spend during the year 
The number of Students per Class Class size 
The Type of Building Is the school building owned or rented 
DEA model outputs 
Number of enrolled Students 
 
The number of students who register to 
study in the school. 
Fee Income The amount of fees that the school has set 
for parents to pay to register their children  
The quality of education Measuring how the school delivered the 
education system and if they reach the 
outcomes needed for individual students   
The quality of services Provided The quality of schools facilities and 
parental consultation  
Table 4.1: DEA inputs and outputs 
Source: Organised by author 
 
Table 4.1 contains the input and output variables chosen in the assessment for private 
schools and also includes the definition of input and output variables for the DEA. There 
are four outputs and five inputs that are considered for efficiency analysis. The reduction 
of discriminating power problem appears when the number of DMUs that are evaluated is 
not adequate when compared to the total number of inputs and outputs. Therefore, in 
order to avoid this type of problem, the DEA Golden Rule, which is suggested by Banker et 
al. (1989), holds that the minimum number of DMUs should be equal to or greater than 
three times the sum of the total number of input and output variables. This research has 
57 > 3* (4+5) DMUs and therefore meets the rule. 
The determination of teaching outputs is vital in order to that the outcomes of education 
are adequately captured. Previous empirical studies have used examination outcomes or 
standardised achievement, average attendance, number of enrolled students, number of 
graduates, retention rate and level of earnings after leaving school. In the Saudi case, 
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standardised achievement and examination results are not available or difficult to obtain. 
Possible and alternative output measures which are obtained are the number of enrolled 
students, Fee Income, the quality of education and the quality of services provided. 
Although, in some past empirical studies, the number of enrolled students is more a 
measure of input than that of output, there is a great level of connection between pupil 
and graduate numbers in the schools context, and consequently the number of students, 
or a variable associated with enrolment have been used to perform teaching outputs in a 
number of empirical studies (Lovell et al., 1994; Ouellette & Vierstraete, 2010; Jones et al., 
2008; Burney et al., 2013; Dutta, 2012 ).  The number of enrolment students is expected to 
have a positive effect on efficiency. Bradley et al. (2001) found a minor significant effect on 
efficiency, however, Kirjavainen & Loikkanen (1998) did not find any impact of school size 
on efficiency. 
In terms of fee income as an output measure, the majority of the previous studies were 
aimed at public sector schools rather than private schools. For this reason, there is a little 
usage of fee income as an output variable in the efficiency measurement, thus there is 
limited evidence of the effect of this variable in the efficiency calculation. It is important to 
point out that unlike public school, private schools have to attain financial success as well 
as educational success independently, that is accomplished by fee income which is 
presumably considered to be a valuable variable in the context of a schools' development 
and hence potentially has a significant effect on the efficiency. 
The quality of education and services provided are measured by undertaking a 1-10 rating 
scales method which is perhaps the most popular choice for performance evaluations. 
Integrating qualitative and quantitative measurements scales onto a single 1-10 rating 
scale provides an efficient yet easy method for assessing relative achievement or 
importance of personal and business options. Therefore, in terms of schools’ performance 
analysis, the school leaders are required to value those outputs by using 1-10 rating scales. 
The disadvantage of this type of scale is the subjectivity that can occur when mapping a 
non-numerical judgement onto a defined numerical scale. However, in this study, the 
school leaders who provide these measurements are encouraged to be realistic and 
honest, as from the analysis their schools will be provided with improvement actions for 
their efficiency. In addition to that, the average in deviation rate for the quality of education 
and services provided, shows that the highest rate is 10, the lowest is 2 and the mean is 7.2 
for the former and the highest rate is 10, the lowest is 1 and the mean is 6.6 for the latter.  
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Figure 4.2: the rate of Quality of Education  
Source: Organised by author 
 
 
Figure 4.3: the rate of Quality of Services Provided  
Source: Organised by author 
 
The concern for the quality of education, yields from the importance of the impact of 
individual students on the social environment and subsequently on the other components 
of society. Therefore, the quality of education contributes to an increase in individual 
productivity, which seeks to promote collective productivity. This naturally leads to 
individual creativity and higher rates of innovation in order to reach results that have a 
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positive impact on the community, which may extend to affect economies worldwide 
(Albilawy et al., 2006). Quality of education is a complex concept and difficult to evaluate 
according to a single dimension (Cheng & Tam, 1997). Therefore, measurement of the 
quality of education as an output in the efficiency measurement, are based on various 
criteria which are discussed with the decision makers who rate this output.  The quality of 
education rate of a school consists of the examination of the average value of the 
proportion of passed students, and the teachers' teaching scores. In this measurement, the 
educational curriculum is not considered because in Saudi Arabia the curriculum is the 
same at both public and private schools and thus would not provide any discriminatory 
power to the DEA analysis. This curriculum is developed by the Saudi Ministry of Education.  
The quality of services provided in the educational field have proved to have an impact on 
the education efficiency and performance measurement, as stated by Amar & Sabah (1998) 
and Stupnytskyy (2002). The evaluation of facilities should be the key of many roles given 
by educational leaders in order to improve the educational performance. Empirical studies 
show that the design of school facilities affect students and teachers performance (Chan, 
1996; Mcgowen, 2007). In terms of the evaluation of the quality of services provided in 
schools as an output measurement, the most important factors of this element are 
discussed with many schools’ leaders to explain what the quality of services provided 
means in order to obtain an accurate evaluation. Hence, the quality of services provided in 
schools’ rate is based on the quality of facilities such as a library, student advice centre and 
parent’s consultation and other facilities which include toilets and emergency services. 
On the inputs side, the number of specified possible input measures considered in 
empirical studies is enormous and their nature varies greatly. In this study, there are five 
input measures which are: number of teachers, salary bills, capital expenditure, the 
number of students per class and the type of building. There is various empirical evidence 
that identifies the inputs that have a greater influence on school efficiency. Tsakiridou & 
Stergiou (2013) stated that from the literature review, the number of teachers which can 
be managed by the school's leader perhaps has an impact on student performance and 
schools' efficiency. In general, teacher related variables can have a considerable effect on 
a schools’ performance. Some studies use the teacher-student ratio (Dutta, 2012; 
Stupnytskyy, 2002; Tsakiridou & Stergiou, 2013) and others use the number of teachers as 
the measure  (Al-shayea, 2014; Bradley et al., 2001; Burney et al., 2013; Essid et al., 2010). 
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Agasisti (2014) asserts that teacher salary is assumed to influence the quality of education 
and has a great positive impact on educational efficiency  . Bradley et al. (2001), Burney et 
al. (2011), and Vignoles et al. (2000) found robust evidence of teacher salary having a 
significant positive effect on school efficiency in their case study, whereas Rassouli-currier 
(2007) showed that there is no significant relationships between  teacher salary and 
efficiency in Oklahoma schools. In addition, Ruggiero & Vitaliano (1999) pointed a negative 
effect of high teacher salary on efficiency in New York school districts.  
The operating expenses is the most widely used input for educational efficiency analysis 
(Al-shayea, 2014; Blackburn et al., 2014; Brennan et al., 2014; Haug & Blackburn, 2017; 
Johnson & Ruggiero, 2014; Rassouli-currier, 2007). The expenditure as an input in efficiency 
measurement is a significant contributor to educational outcomes. Empirical studies 
pointed out that an efficient school has a relatively low level of expenditure according to 
the definition of a good school (Kirjavainen & Loikkanen, 1998; Tyagi et al., 2008). However, 
in the examination of primary schools in Tasmania over the 2000–2007 period by Arshad 
(2012), it was found that, an increase in the expenditure leads to an increase in the score 
for  reading, writing and numeracy.  Dewey et al. (2000) investigated that there is a positive  
correlation between expenditure and SAT scores in their case study. However, some 
researchers did not find any connection between the expenditure and student 
performance and achievement such as Hanushek (1986). 
Various studies indicate the relationship between class size and students achievement, 
concluding that smaller class size has a positive impact on students outcome (Salman, 2012; 
Barrett & Toma, 2013; Conroy & Arguea, 2008; Greenwald et al., 1996). Mizala et al. (2002) 
measured the effeciency of schools in Chile and find that a large calss size negatively affects 
student performance. Dutta (2012) proved that if class size increases,  efficiency will drop 
as the student will not gain the education effectively. Santín & Sicilia (2018) proved that 
smaller class sizes have a positive effects on the performance of the teachers.  
The data for the type of building variable is classified as 1 and 2; ‘1’ for an owned building 
while ‘2’ is for a rented building. The school building concerned many researchers in Saudi 
Arabia with the belief that the owned school building contains appropriate specifications 
for the educational process, while the rented school building is a non-purpose built building 
which has a lack of health and safety standards and inadequate play areas. For some 
schools rented buildings are not appropriate in terms of location, design and space. Some 
researchers pointed out that, a school’s building has a significant positive effect on student 
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performance (Al-Mogren, 1992; Khafaji, 1987).  Aljabri & Alsyed (2010) used the type of 
building as an input measure in the assessment of secondary Saudi schools and they found 
that the variable of ‘type of building’ has an effect on school efficiency. 
 
4.3 DEA Experimental Analysis 
The efficiency analysis of private schools in Saudi Arabia, especially in Riyadh district, will 
be discussed in this section. The computer program DEAP 2.1 developed by Coelli (1996) 
was used for the analysis. 
 
4.3.1 Schools’ Efficiency Analysis 
The technical efficiency of fifty-seven (57) schools in the Riyadh district of Saudi Arabia was 
measured using a data envelopment analysis model with output oriented constant returns 
to scale, for the year 2016. The schools were labelled 1, 2, 3,…, 57. (School No. 1-57) for 
reasons of confidentiality. The inputs and outputs collected for each school are shown in 
Table 4.2, and the descriptive statistics, which are the mean, the standard deviation (SD), 
and the minimum and maximum values of the Inputs and Outputs are shown in Table 4.3. 
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Table 4.2: DEA inputs and outputs data   Source: Organised by author 
 
Sch
o
o
ls 
Inputs Outputs 
The number 
of teachers 
Salary bills 
(in Saudi 
riyal) 
Capital 
expenditure 
(in Saudi 
riyal) 
the number 
of Students 
per Class 
the type of 
Building 
Number of 
enrolled 
Students 
Fee Income 
(in Saudi 
riyal) 
The 
Quality of 
Education 
Services 
Provided 
Quality 
1 30 744000 1500000 16 2 272 15000 10 10 
2 45 864000 1000000 26 2 471 12000 10 7 
3 25 1120000 1400000 25 1 100 14000 5 5 
4 170 7616000 8000000 20 2 850 24000 8 5 
5 17 312800 591000 22 1 163 9000 6 6 
6 17 340000 600000 22 1 150 14000 9 8 
7 21 537600 772000 24 1 250 15500 10 9 
8 21 554400 700000 18 2 212 18000 10 10 
9 73 3796000 4000000 28 1 830 23000 10 7 
10 49 980000 1000000 24 2 614 14000 5 4 
11 35 644000 2470500 25 2 549 13500 7 7 
12 34 1523200 2000000 25 2 333 13000 8 8 
13 35 616000 2000000 25 2 515 13000 7 6 
14 20 320000 500000 20 2 121 9000 8 9 
15 21 940800 1476000 15 2 250 14000 7 5 
16 25 700000 1500000 20 2 108 8500 7 6 
17 33 1478400 3100000 30 2 620 15000 5 3 
18 25 620000 1000000 25 2 335 10000 3 3 
19 22 387200 640000 20 2 250 9500 7 7 
20 41 984000 1300000 25 2 606 15000 9 9 
21 17 340000 600000 15 2 126 8500 5 5 
22 12 259200 630000 25 1 156 12000 5 7 
23 22 880000 1500000 18 1 242 26000 9 8 
24 45 1080000 1500000 35 2 987 9500 8 7 
25 19 851200 1000000 9 2 185 10000 1 2 
26 19 851200 1300000 24 1 109 16000 7 4 
27 25 600000 1200000 20 2 317 12000 10 10 
28 50 1000000 1400000 19 2 280 13000 7 7 
29 32 600000 1300000 25 1 400 16000 2 1 
30 23 1030400 1500000 20 1 250 16000 6 6 
31 33 1478400 2000000 24 1 389 8000 9 9 
32 22 440000 1000000 25 1 319 16000 7 8 
33 40 800000 1000000 26 1 500 14000 5 5 
34 10 212000 400000 25 2 60 6000 2 2 
35 48 1958400 2300000 24 2 800 14000 5 3 
36 30 720000 1000000 23 2 800 15000 10 7 
37 15 336000 600000 20 2 145 12500 8 7 
38 11 492800 650000 28 2 156 10000 3 2 
39 15 540000 1500000 22 1 160 16000 9 9 
40 90 4032000 4500000 25 2 700 19000 8 5 
41 15 264000 550000 20 1 150 8500 5 1 
42 33 712800 1500000 24 1 586 14000 5 6 
43 12 537600 700000 13 2 37 10000 7 5 
44 45 2016000 2500000 25 1 428 22000 4 10 
45 61 2732800 3000000 25 2 844 10000 10 8 
46 49 2195200 2420800 20 2 750 14000 8 6 
47 100 4000000 4150000 25 1 470 9000 10 10 
48 19 456000 899000 25 1 280 15000 9 8 
49 38 1520000 2130000 20 1 900 15000 3 5 
50 60 2688000 3052000 25 1 330 20000 10 9 
51 80 1880000 2445000 20 1 900 15000 9 8 
52 26 940000 1322500 25 1 476 20000 8 9 
53 47 2888000 3327000 24 1 403 31000 9 10 
54 25 1120000 1580000 30 1 178 10000 9 5 
55 38 1672000 1863000 20 1 253 14000 8 9 
56 20 850000 1000000 19 2 207 12000 7 6 
57 33 1478400 1893600 20 2 496 14000 8 8 
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The 
number of 
teachers 
Salary bills 
Capital 
expenditure 
the number 
of Students 
per Class 
the type 
of 
Building 
Number of 
enrolled 
Students 
Fee 
Income 
The 
Quality of 
Education 
Services 
Provided 
Quality 
Max 170 7616000 8000000 35 2 987 31000 10 10 
Min 10 212000 400000 9 1 37 6000 1 1 
Average 35.8 1254926.3 1452026.67 22.58 1.5 392.42 14070.18 7.12 6.51 
SD 26.2 1246800.4 1697585.96 4.29 0.5 253.43 4671.15 2.36 2.43 
Table 4.3: Descriptive Statistics of the Inputs and Outputs of the Model 
Source: Organised by author 
 
As shown in Table 4.1, there are five inputs and four outputs that are used in the DEA 
efficiency analysis. The salary bills, capital expenditure and fee income are measured and 
recorded in Saudi Riyal where 1$ is equal to 3.75 Saudi Riyal. Although most of all the 
lowest inputs belong to the same school, which is school 34, it did not have any dominant 
outputs which contained a maximum value. Therefore, there is not a _’’super’’_ school that 
dominates the other schools in a Pareto sense, i.e. contains all input minima and output 
maxima. This is a positive finding with respect to the DEA analysis as it allows a frontier to 
be formed. 
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4.3.2 DEA Scores 
school Technical efficiency peers Peer count 
1 1.000 1 7 
2 0.846 36 6 7 8 0 
3 0.597 7 52 23 0 
4 1.000 4 2 
5 0.865 36 6 14 22 0 
6 1.000 6 9 
7 1.000 7 6 
8 1.000 8 12 
9 1.000 9 1 
10 0.858 36 23 6 8 0 
11 0.863 22 36 32 14 0 
12 0.693 23 1 36 52 8 0 
13 0.832 22 36 32 0 
14 1.000 14 4 
15 0.884 23 1 36 8 0 
16 0.640 23 6 1 8 0 
17 0.774 23 36 52 0 
18 0.608   22 36 32 23 8 0 
19 0.909 36 22 6 32 14 0 
20 0.916 36 7 51 8 0 
21 0.756 36 6 32 14 8 0 
22 1.000 22 7 
23 1.000 23 16 
24 1.000 24 0 
25 0.884 23 49 4 0 
26 0.777 6 23 7 39 0 
27 1.000 27 0 
28 0.706 51 1 23 8 0 
29 0.971 23 32 42 0 
30 0.742 23 52 49 8 1 0 
31 0.983 52 51 53 7 0 
32 1.000 32 6 
33 1.000 33 0 
34 0.683 22 6 8 0 
35 0.793 51 23 36 49 0 
36 1.000 36 19 
37 1.000 37 0 
38 0.919 32 36 0 
39 1.000 39 2 
40 0.768 51 23 49 4 0 
41 0.873 36 6 22 0 
42 1.000 42 0 
43 1.000 43 1 
44 1.000 44 1 
45 0.888 36 1 51 49 0 
46 0.959 51 36 49 23 0 
47 1.000 47 0 
48 1.000 48 0 
49 1.000 49 7 
50 1.000 50 0 
51 1.000 51 7 
52 1.000 52 5 
53 1.000 53 1 
54 0.900 7 9 0 
55 1.000 55 0 
56 0.748 8 43 39 36  0 
57 0.893 49 1 36 0 
Table 4.4: DEA efficiency score   
Source: Organised by author 
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As can be seen in Table 4.4, of the fifty-seven schools, 30 schools were determined to be 
inefficient. The general efficiency across all schools was reasonably high, with the average 
technical efficiency being 0.904. The efficiency scores are presented in Table 4.4, including 
the peers and how many times they appeared as a reference for an inefficient school. DEA 
identifies a list of reference sets (or peers) that consists of other DMUs who are used in 
benchmarking. The methodology used for peer group calculation is that of Cooper et al. 
(2007). Peers are always efficient decision-making units (DMUs). An inefficient DMU should 
ideally emulate their peers to improve efficiency and become as efficient as possible, which 
can be seen in column 3. Peer count means how many times an efficient DMU appeared as 
a reference for inefficient DMUs. The aim of solution technique in solving each underlying 
linear program, is to attempt to make the efficiency of the target DMUS as large as possible. 
This process will terminate when some of the DMUs hits the upper limit of 1. Thus, for an 
inefficient unit, at least one other efficient unit will be the target unit’s set of weights. These 
efficient units are named as peer group for the inefficient unit. As an example, Table 4.5 
shows the peers for school 3. 
 
School 3 Inputs and outputs School 7 School 52 School 23 
25 The number of teachers 21 26 22 
1120000 Salary bills 554400 940000 880000 
1400000 Capital expenditure 700000 1322500 1500000 
25 the number of Students per Class 18 25 18 
1 the type of Building 2 1 1 
100 Number of enrolled Students 212 476 242 
14000 Fee income 18000 20000 26000 
5 The Quality of Education 10 8 9 
5 The quality of services provided 10 9 8 
Table 4.5: Peer Units for school 3 
Source: Organised by author 
 
It is clear from Table 4.5 that each peer unit has different inputs and outputs values than 
the inefficient unit. However, according to the peer calculation methodology of (Cooper et 
al., 2007), schools 7, 52, and 23 render school 3 inefficient. 
Approximately 49% of schools were fully efficient, displaying an efficiency score of 1. The 
efficiency scores ranged from 0.597 to 1. The inefficient school with lowest efficiency 
scored 0.597, whereas the inefficient school with highest efficiency scored 0.983. Table 4.6 
contains basic information on the distribution of technical efficiency scores generated by 
DEA under constant return to scale (CRS). 
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 CRS 
Mean  0.904 
SD 0.118 
Minimum 0.597 
Maximum 1 
Table 4.6: Summary statistics for DEA efficiency scores 
Source: Organised by author 
 
It is obvious from Table 4.2 and 4.4 that, in general, schools achieved efficiency if either 
their outputs were high, or their inputs were low. This corresponds to the definition of 
efficiency, which states that a unit is efficient if it achieves the maximum possible output 
with a given level of inputs. Schools 4, 9, 24, 36 and 51 achieved an efficiency score of 1 
because their outputs were high. Moreover, some schools could be considered efficient 
even though their outputs value were low. Schools 22, 37 and 43 also achieved an efficiency 
score of 1 even though they did not have the highest outputs, as their inputs were very 
low. Furthermore, these schools were doing well in terms of inputs, compared to similar 
schools; however, they did not accomplish high levels of education quality, perhaps due to 
inadequate salaries for teachers. 
 At a deeper level of analysis, school 8, 23 and 36 were school units that become references 
twelve, sixteen and nineteen times, respectively, for the inefficient schools, as their 
efficiency score was 1. considering school 36, it dominants 19 schools with the lowest 
inputs; although it possesses a high level of outputs it has the ninth lowest value of 
expenditure, sixth highest level of number of enrolled students, and highest rate of 
education quality, according to the rank of the efficient schools. This means that these units 
achieved the maximum value of outputs, since the inputs were constant and low comparing 
to other efficient schools. Reference peers, who have an extreme characteristic (e.g., size), 
have a low frequency to be used as comparators and hence ought not be utilized as models 
of part good practice to be simulated by inefficient ones (Athanassopoulos & Shale, 1997). 
For example, schools 47 and 50 are identified as efficient units, however they do not appear 
as references for any inefficient unit. The reason behind this is the high level of input when 
compared to the unit that has been a reference 16 times, which is school 36. 
 The expenditure level for schools 47 and 50 are four times and three times respectively 
than the expenditure of school 36. In addition, the outputs of school 36 are higher than 
school 47 and 50, as is clear from the number of enrolled students. 
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 The lack of efficiency of inefficient schools from the sample such as school 3 which has 
being the most inefficient where the overall percentage of efficiency is approximately 59%. 
The main reason for the non-performance of this school unit was the very low value of 
outputs, namely a level 5 rating for education quality and services provided, which was not 
accompanied by corresponding low levels of inputs. 
The DEA provides valuable information for decision makers to improve the performance of 
schools by identifying the sources of inefficiency arising from their inputs and outputs. In 
addition, target values of inputs and outputs are proposed where these targets come from 
the peer reference set that was explained above. This can help to reduce or increase total 
inputs and outputs where it can be obtained from a weighted average of the value of inputs 
and outputs of the peer units, which, in turn, could increase the efficiency scores for 
inefficient schools. Tables 4.7 and 4.8 represent the actual and target values of the inputs 
and outputs for all the sample schools. 
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school Actual output Target output 
 Number 
of 
enrolled 
Students 
Fee 
Income (in 
Saudi 
riyal) 
The 
Quality of 
Education 
Services 
Provided 
Quality 
Number of 
enrolled 
Students 
Fee Income (in 
Saudi riyal) 
The Quality 
of 
Education 
Services 
Provided 
Quality 
1 272 15000 10 10 
272 15000 10 10 
2 471 12000 10 7 556.478 18843.587 11.815 9.936 
3 100 14000 5 5 317.136 23460.161 8.741 8.379 
4 850 24000 8 5 850 24000 8 5 
5 163 9000 6 6 188.424 12215.078 6.955 6.936 
6 150 14000 9 8 150 14000 9 8 
7 250 15500 10 9 250 15500 10 9 
8 212 18000 10 10 212 18000 10 10 
9 830 23000 10 7 830 23000 10 7 
10 614 14000 5 4 715.897 16323.382 10.563 7.889 
11 549 13500 7 7 636.179 15643.744 9.683 8.112 
12 333 13000 8 8 480.221 21902.32 11.537 11.537 
13 515 13000 7 6 619.256 15631.713 8.994 7.634 
14 121 9000 8 9 121 9000 8 9 
15 250 14000 7 5 282.744 15833.643 7.917 7.198 
16 108 8500 7 6 249.466 20839.177 10.945 10.709 
17 620 15000 5 3 801.507 19391.29 11.013 8.593 
18 335 10000 3 3 551.32 16457.327 8.884 7.82 
19 250 9500 7 7 274.887 10445.721 7.697 7.697 
20 606 15000 9 9 661.505 18809.886 11.604 9.824 
21 126 8500 5 5 166.559 11236.133 6.609 6.609 
22 156 12000 5 7 156 12000 5 7 
23 242 26000 9 8 242 26000 9 8 
24 987 9500 8 7 987 9500 8 7 
25 185 10000 1 2 209.182 11307.141 3.661 3.447 
26 109 16000 7 4 199.828 20590.965 9.009 8.282 
27 317 12000 10 10 317 12000 10 10 
28 280 13000 7 7 396.653 18416.01 10.24 9.916 
29 400 16000 2 1 412.059 16482.374 6.481 7.231 
30 250 16000 6 6 336.702 21548.925 8.103 8.081 
31 389 8000 9 9 395.865 20306.303 9.159 9.159 
32 319 16000 7 8 319 16000 7 8 
33 500 14000 5 5 500 14000 5 5 
34 60 6000 2 2 101.682 8780.174 4.909 5.036 
35 800 14000 5 3 1008.405 17647.09 6.303 6.832 
36 800 15000 10 7 800 15000 10 7 
37 145 12500 8 7 145 12500 8 7 
38 156 10000 3 2 169.722 10879.608 4.264 3.595 
39 160 16000 9 9 160 16000 9 9 
40 700 19000 8 5 911.886 24751.201 10.422 9.297 
41 150 8500 5 1 171.75 9732.515 5.725 5.439 
42 586 14000 5 6 586 14000 5 6 
43 37 10000 7 5 37 10000 7 5 
44 428 22000 4 10 428 22000 4 10 
45 844 10000 10 8 950.922 17690.805 11.267 9.013 
46 750 14000 8 6 781.893 14595.338 8.34 6.865 
47 470 9000 10 10 470 9000 10 10 
48 280 15000 9 8 280 15000 9 8 
49 900 15000 3 5 900 15000 3 5 
50 330 20000 10 9 330 20000 10 9 
51 900 15000 9 8 900 15000 9 8 
52 476 20000 8 9 476 20000 8 9 
53 403 31000 9 10 403 31000 9 10 
54 178 10000 9 5 294.615 16076.923 10 8.846 
55 253 14000 8 9 253 14000 8 9 
56 207 12000 7 6 276.867 16050.276 9.363 8.666 
57 496 14000 8 8 555.304 15978.261 9.739 8.957 
Table 4.7: Comparison of Actual Output to Efficient Output Targets for all sample. 
Source: Organised by author 
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sch
o
o
l 
Actual input Target input  
The 
number 
of 
teachers 
Salary 
bills (in 
Saudi 
riyal) 
Capital 
expenditure 
(in Saudi 
riyal) 
the number 
of Students 
per Class 
the type 
of 
Building 
The 
number 
of 
teachers 
Salary bills 
(in Saudi 
riyal) 
Capital 
expenditure 
(in Saudi 
riyal) 
the 
number 
of 
Students 
per Class 
the type 
of 
Building 
1 30 744000 1500000 16 2 30 744000 1500000 16 2 
2 45 864000 1000000 26 2 29.248 725684.994 1000000 26 2 
3 25 1120000 1400000 25 1 23.217 878746.703 1400000 20.591 1 
4 170 7616000 8000000 20 2 170 7616000 8000000 20 2 
5 17 312800 591000 22 1 14.883 312800 591000 21.313 1 
6 17 340000 600000 22 1 17 340000 600000 22 1 
7 21 537600 772000 24 1 21 537600 772000 24 1 
8 21 554400 700000 18 2 21 554400 700000 18 2 
9 73 3796000 4000000 28 1 73 3796000 4000000 28 1 
10 49 980000 1000000 24 2 29.578 709972.421 1000000 24 2 
11 35 644000 2470500 25 2 28.757 644000 1010035.429 25 1.882 
12 34 1523200 2000000 25 2 34 992007.482 1630171.555 25 2 
13 35 616000 2000000 25 2 26.848 616000 1000381.956 25 1.688 
14 20 320000 500000 20 2 20 320000 500000 20 2 
15 21 940800 1476000 15 2 21 616206.627 1036857.407 15 1.359 
16 25 700000 1500000 20 2 25 700000 1060746.951 20 2 
17 33 1478400 3100000 30 2 33 892237.426 1268707.653 26.487 2 
18 25 620000 1000000 25 2 25 620000 1000000 25 1.672 
19 22 387200 640000 20 2 20.088 387200 606370.127 20 1.702 
20 41 984000 1300000 25 2 39.844 972256.438 1300000 25 2 
21 17 340000 600000 15 2 15.121 340000 519860.089 15 1.209 
22 12 259200 630000 25 1 12 259200 630000 25 1 
23 22 880000 1500000 18 1 22 880000 1500000 18 1 
24 45 1080000 1500000 35 2 45 1080000 1500000 35 2 
25 19 851200 1000000 9 2 17.068 708307.158 1000000 9 0.516 
26 19 851200 1300000 24 1 19 667796.914 1300000 20.007 1 
27 25 600000 1200000 20 2 25 600000 1200000 20 2 
28 50 1000000 1400000 19 2 37.743 961918.753 1400000 19 1.789 
29 32 563200 1100000 25 1 26.231 600000 1254898 23.739 1 
30 23 1030400 1500000 20 1 23 858594.976 1342386.056 20 1 
31 33 1478400 2000000 24 1 33 1301759.267 1649011.573 23.956 1 
32 22 440000 1000000 25 1 22 440000 1000000 25 1 
33 40 800000 1000000 26 1 40 800000 1000000 26 1 
34 10 212000 400000 25 2 10 212000 400000 14.698 0.701 
35 48 1958400 2300000 24 2 48 1600852.789 2218015.323 24 1.423 
36 30 720000 1000000 23 2 30 720000 1000000 23 2 
37 15 336000 600000 20 2 15 336000 600000 20 2 
38 11 492800 650000 28 2 11 390241.475 641624.424 8.84 0.566 
39 15 540000 1500000 22 1 15 540000 1500000 22 1 
40 90 4032000 4500000 25 2 90 2950055.088 3673870.445 25 1.452 
41 15 264000 550000 20 1 12.42 264000 475740.49 16.52 0.815 
42 33 712800 1500000 24 1 33 712800 1500000 24 1 
43 12 537600 700000 13 2 12 537600 700000 13 2 
44 45 2016000 2500000 25 1 45 2016000 2500000 25 1 
45 61 2732800 3000000 25 2 61 1446822.19 1963355.83 25 1.845 
46 49 2195200 2420800 20 2 49 1230219.089 1654239.131 20 1.348 
47 100 4000000 4150000 25 1 100 4000000 4150000 25 1 
48 19 456000 899000 25 1 19 456000 899000 25 1 
49 38 1520000 2130000 20 1 38 1520000 2130000 20 1 
50 60 2688000 3052000 25 1 60 2688000 3052000 25 1 
51 80 1880000 2445000 20 1 80 1880000 2445000 20 1 
52 26 940000 1322500 25 1 26 940000 1322500 25 1 
53 47 2888000 3327000 24 1 47 2888000 3327000 24 1 
54 25 1120000 1580000 30 1 25 788246.154 1020307.692 24.308 1 
55 38 1672000 1863000 20 1 38 1672000 1863000 20 1 
56 20 850000 1000000 19 2 20 570624.538 918871.543 19 1.757 
57 33 1478400 1893600 20 2 33 885391.304 1506086.957 20 2 
Table 4.8: Comparison of Actual Input to Efficient Input Targets for all sample. 
Source: Organised by author 
 
 
 66 
 
It is clear from Table 4.7 that all inefficient schools should improve their outputs by 
increasing the values of their outputs from less than 2% to around 623% to enhance their 
efficiency. This increase in outputs should be accompanied by a reduction in some of the 
inputs of several schools. For example, in order to achieve efficiency for school 3, it should 
reduce its current inputs by approximately 7%, 21% and 17% for teacher number, salary 
bill and class size respectively. In addition, it should raise its outcomes almost three 
quarters by increasing the education quality and the service provided quality, which means 
around 74% increase for the former and 67% increase for the latter. This would increase 
the education quality and service level from level 5 to 8.7 and 8.4 respectively. It also is 
advisable to increase the number of students enrolled and the fee income by around 217% 
and 67% respectively.  
In fact, not all schools at the efficient frontier, which are considered as efficient, have 
higher outputs, as the efficiency value is just related to the scope for improvements for 
given inputs. For example, school 43 is identified as efficient with a low value of its outputs 
but a low level of its inputs makes it to be efficient even with a low level of outputs. It is 
important to note that DEA gives a relative rather than an absolute measure of efficiency. 
This implies that efficient schools could also seek means to improve beyond the current 
efficient frontier by lowering inputs or increasing outputs. DEA performs its analysis with 
data collected at a specific point in time. If some of the inefficient or efficient schools 
implement policies that improve their efficiency scores, then this potentially may have an 
effect on the efficiency of all other schools, changing the efficiency status of some of them. 
This would require a further DEA analysis to verify the new efficiency statuses. This will be 
the focus of Chapter 7. 
   In conclusion, the DEA model yields a robust result of relative efficiency. From Table 4.2, 
all of the efficient schools use given levels of inputs to produce efficient levels of outputs. 
Furthermore, the technical efficiency measurement indicates how to improve the 
performance of schools to reach the technical efficiency score. Some schools need to 
rationalise their expenditures and reduce their inputs, which typically results in an increase 
in their technical efficiency. 
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4.4 Summary of Data Envelopment Analysis 
This chapter introduced the assessment of the performance of private schools using DEA, 
and how the score was obtained by using value of inputs and outputs. Figure 4.4 shows the 
summary of efficiency level of all schools. In addition, the orientation of the DEA analysis, 
where the sets of inputs and outputs were identified and explained for Implementing an 
analysis, are discussed. The experimental sections are then presented by the 
representative case studies.  
 
Figure 4.4: efficiency score of private schools 
Source: Organised by author 
 
4.5 Conclusion 
 This chapter has provided an overview of the method which might be used to assess 
efficiency in education sectors. DEA was used to assess the relative technical efficiency for 
private schools in Saudi Arabia. The solution to the DEA model thus provides a relative 
efficiency measure for each unit in the set, a subset of peer units for each inefficient unit, 
and a set of targets for each inefficient unit. 
Developed countries concur with the obvious need and benefits of educating a population 
efficiently in order to ensure economic growth which is related to the high productivity of 
a proficient labour force. During the last decade, the kingdom of Saudi Arabia government 
has made a huge effort to increase educational efficiency. However, many parts of the 
private education sector are in deep crisis and the current educational system debate 
mainly focuses on how to achieve a more efficient education system. This situation raises 
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a demand of improving the performance of the education sector in a rational and efficient 
manner. The next chapter offers a perspective on the objectives that are important when 
improving the performance of private schools in Saudi Arabia from an efficiency viewpoint. 
It will provide the relative importance of multiple criteria by which to boost the education 
performance, starting with obtaining the weights of the performance and improving 
objectives by using the Analytical Hierarchy Process (AHP). 
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Chapter 5 Criteria Importance Using the 
Analytic Hierarchy Process (AHP) 
Introduction  
The previous chapter (chapter 4) presented the results of the DEA method using multiple 
inputs and outputs, provided by the schools for efficiency assessment. A key advantage of 
this analysis is to provide key decision makers with a clear vision of the strength and 
weaknesses and causal factors of their school’s efficiency.  However, DEA is a descriptive 
technique that does not directly include suggestions for improvement, neither elicit the 
relative importance of the criteria by which the schools improvement could be measured. 
A preference elicitation technique, such as the Analytical Hierarchy Process (AHP) is 
required for the latter task. The aim of this chapter is to introduce the findings, analysis, 
and results of the application of AHP, where the main goal is to rank the priorities of the 
criteria for improving the performance in schools, which will then be analysed using the 
goal programming (GP) approach in Chapter 7. Firstly, this chapter includes the 
identification of the criteria for enhancing the performance of schools. Before discussing 
data analysis, a questionnaire is explained in order to obtain accurate preferential 
information via pairwise comparisons from the school managers. It is followed by the result 
of the AHP being applied in 12 schools from the case study. It then concludes with a brief 
summary of the analysis of this research. The results will be shown by highlighting three 
out of the twelve schools. (The remaining results can be seen in Appendix C). 
 
5.1 Compiling the Criteria of Enhancing the Performance 
In order to confirm that the criteria of improving performance in Saudi schools are 
acceptable, a telephone call was made to some of the school managers. The discussion 
elements were about the criteria that influence the improvement of schools performance 
from the literature and their agreement of their relevance to their schools. After 
considering all the mentioned criteria for enhancing the performance, which will be 
discussed in detailed afterword, key specific criteria are identified as shown in Table 5.1. In 
reality, the school managers preferred to term their responses in terms of improvement 
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actions rather than pure criteria (e.g. “Improving the ratio of teachers to students” rather 
the “Teacher to student ratio”. However, in order to maintain a rapport with the managers 
and to still follow the terminology of the AHP, these will be termed as criteria for the 
remainder of this Chapter. The AHP method is utilised to prioritise the importance of these 
criteria, which in term will form the weighting vector in the goal programming approach. 
Table 5.1 represents the criteria of taken forward to the AHP analysis. 
 
Main criterion Sub Criteria  
 Giving teachers a fair salary 
 
 Owning the School building 
Performance enhancement in schools Improving the class size 
 
 Improving the ratio of teacher to students  
 
 Giving teachers regular professional training. 
 
Table 5.1: The final criteria of the Saudi schools 
Source: Organised by author 
 
Table 5.1 shows the final criteria collected from school managers. The main overriding 
criterion is performance enhancement in schools which will lead to a positive impact in 
student achievement. The sub criteria of performance enhancement in schools consist of 
giving teachers a fair salary, owning the school building, improving the class size, improving 
the ratio of teacher to students and giving teachers regular professional training. The effect 
of the criteria on the efficiency in schools are discussed in previous chapter, and the impact 
of each factor that enhances a school’s performance is presented (with the exception to 
the fifth criterion, which is not discussed because, while it is included in the performance 
improvement, it was not part of the efficiency assessment). There is a positive match 
between school quality and teacher training as proven by the study of the technical 
efficiency of schools in Chile (Mizala et al., 2002). In Saudi Arabia there are various studies 
that present the importance of teacher training in a school’s development, such as Alfaidi 
(2001) who stated that renewal and rehabilitation in school teachers via professional 
training are essential so that teachers can meet challenges and follow new developments.   
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5.2 Questionnaire Design and Analysis Methods 
After constructing an AHP hierarchy of the Saudi schools performance improvement, in 
stage III (see Figure 3.1), a data collection (AHP questionnaire) is conducted in order to find 
out the relative weight of each criterion.  To address the concern of subjectivity and ensure 
the validity and reliability of AHP variables, a pre-call was made to the school managers, in 
order to have a better understanding of the aim of the questionnaire and a clear instruction 
of how to complete it confidentially. A questionnaire entitled “Efficiency analysis and 
performance evaluation of private schools in The Kingdom of Saudi Arabia” was designed 
based on the hierarchy shown in Table 5.1. This questionnaire consists of two sections, the 
first section was for general information as school information, required to be answered. 
This information aim was to obtain numerical information regarding teachers and students 
data for further calculation in the GP analysis (see Chapter 7). The second section concerns 
the AHP pairwise comparisons. The pairwise comparisons made were between the five 
criteria under the performance improvement. These pairwise comparisons established the 
importance of one element over another. In this case, the criteria were compared to each 
other in relation to the effect that they would have on realising the enhancement of the 
performance.  
The relative pairwise comparisons were conducted utilising the 1-9 scale suggested by 
Saaty (1994), illustrated in Table 5.2, with 1 representing no difference between the two 
components and 9 representing overwhelming dominance of the component under 
consideration. The questionnaire is attached in Appendix B. The data was collected from 
12 schools only, a self-selecting sample who accepted to participate in this stage of the case 
study. 
 
5.3 AHP Process 
AHP is a technique developed by Satty (1994) in the 1970s, utilising the human ability to 
make comparison judgments to calculate relative weights of criteria. The AHP is based on 
three main principles: the principles of building hierarchies, the principle of setting 
priorities, and the principle of logical consistency. The reasons behind using this method 
are based on its flexibility to be combined with different techniques like linear 
programming, goal programming, fuzzy logic, etc. and also its effectiveness for dealing with 
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a complex decision-making problem. In addition to that, AHP can measure inconsistencies 
which may appear when using pairwise comparison. Furthermore, the judgement of the 
importance of one element over another can be made subjectively (Lai et al., 2002). The 
operational process is shown in Figure 5.1 below. 
 
  
Figure 5.1: The operational process in AHP 
Source: Lin Lai, 2013 
 
In the first phase, all needed criteria must be specified.  After that, a questionnaire related 
to the AHP method is designed. For direct weights assessment, a questionnaire is drawn 
up asking the experts to assign a weight on a scale of 1–9 to each of the criteria to specify 
levels of importance. Next, a set of weights from the answers given by the key decision 
makers (in this case, the school managers), is obtained. In the final phase, a consistency 
examination must be assumed in order to measure the reliability of the data obtained from 
the questionnaire collection, and appropriate rectification action must be taken in the case 
of excessive inconsistency. 
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Table 5.2: The fundamental scale of absolute numbers 
Source: Saaty, 2008 
 
The pair wise comparisons are carried out using a 1-9 scale which is a measurement scale 
constituted by Saaty (1980) who has shown that this scale is the best when comparing to 
twenty eight other ways (Pomerol & Barba-Romero, 2012). As seen in Table 5.2, in order 
to obtain the degree to rank the importance of one criterion when comparing with other 
criterion, with respect to the goal, a scale of number is determined. A judgment is made 
according to which is more important and by how much. The value of 1, 3, 5, 7, and 9, 
represent equal importance, weak importance, essential importance, demonstrated 
importance, and extreme importance, respectively; whereas the value 2, 4, 6, and 8 are 
used to compromise between the values indicated above. These scale has become the 
most widely utilised ratio scale in the AHP during the development of the AHP decision-
making theory – the 1-9 scale has been applied for over 30 years (Zhang et al., 2009). These 
pairwise comparisons have the advantage of making it easier for the decision maker to 
separate and express a ratio of preference of one criterion versus the other. As it is stated 
by Saaty (2008), there are five key steps in the AHP: 
Step 1: establishing criteria 
Step 2: decomposing the variables into a hierarchy of goal, criteria, sub-criteria and 
alternatives. 
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Step 3: the decision makers systematically evaluate its various elements by comparing 
them to each other two at a time, with respect to their impact on an element above them 
in the hierarchy and the reciprocity has been assumed. 
Step 4: the decision makers’ preferences are then aggregated using a geometric mean 
approach (Escobar et al., 2004). This ensures that each decisions preferences are taken into 
consideration in the derivation of the weighting vector. 
Step 5: The final step is to examine the pairwise comparison’s consistency through 
calculation, improving inconsistency if necessary in order to get an acceptable consistency. 
One of the main advantage of AHP is that it takes into account the consistencies of the 
released judgements. The consistency index (CI) is used to measure consistency in a 
decision makers’ comparison of performance criteria (or elements), by using the maximum 
eigenvalue of the pair-wise comparison matrix 𝜆𝑚𝑎𝑥 , n as the size of matrix.  
 
    (1) 
      (2) 
 
The ratio of CI to the average random index (RI) for the same order matrix is called the 
consistency ratio (CR) which can be used to assess whether a matrix was sufficiently 
consistent (Saaty, 1994). Table 5.3 presents the order of the matrix and the average 𝑅𝐼, 
which is used to calculate CR in Equation (2). 
 
 
Table 5.3: Average Random Index (RI) for corresponding matrix size 
Source: Saaty, 2008 
 
In terms of checking the consistency: Saaty (1980) suggested a consistency ratio of 0.10 or 
less refer to a comparison that is consistent and considered acceptable, while a consistency 
ratio of greater than 0.10 indicated inconsistence. Saaty (1980) also suggested that there 
should be a need for revising the judgements by utilising a method of dealing with 
improving inconsistencies in pairwise comparisons. The consistence of the judgements in 
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the decision-making problem is important. However, it is difficult to accomplish efficient 
consistency in the decision that a human makes.  
 
5.4 Experimental analysis 
The aim of using AHP is to rank the priority of improving the performance of 12 private 
schools in Saudi Arabia, especially in the Riyadh district. The choice of these 12 schools was 
based on the availability of data in order to conduct the AHP; 8 of these schools are efficient 
and 4 are inefficient according to the DEA analysis. The analytical tools used are AHP 
calculation software developed by Senshu University Japan (Takahagi, 2005) and 
subsequently cross-checked with Microsoft Excel AHP solver. 
 
5.4.1 Priority ranking of the criteria of private schools in KSA 
Results of ranking the priority of each school is presented in Tables 5.4, 5.5, and 5.6 for 
schools 1, 2, and 10 respectively, the other schools are shown in Appendix C. The weight 
for each of the five criteria, in comparison with each other, is measured in order to 
determine which has the most importance for the improvement of performance in Saudi 
private schools. Considering the twelve schools under investigation; two of them were 
determined as less than 0.10 which refer to comparison that are consistent, while the 
others 10 schools, are considerably higher than 0.10, which refer to comparison that are 
inconsistent.   
 
1 
Giving 
teachers 
a fair 
salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio 
of teacher 
to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR efficiency 
Giving teachers a 
fair salary 
1 1 5 1 1 0.225 3 
0.102 0.09 0.959 
Owning the school 
building 
1 1 7 6 1 0.326 1 
Improving class 
size 
1/5 1/7 1 1 1/5 0.055 5 
Improving the 
ratio of teacher to 
students 
1 1/6 1 1 1/6 0.087 4 
Giving teachers 
regular 
professional 
training 
1 1 5 6 1 0.306 2 
Table 5.4: The Results of priority ranking for school 1 
Source: Organised by author 
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Considering school 1 shown in Table 5.4, the consistency scores are CI = 0.1 and CR = 0.09, 
both within the threshold limit so the relative importance of the criteria can be analysed. 
Among the criteria, owning the school building for this school, is found to be the most 
important criteria with almost 0.326. This is followed by giving teachers regular 
professional training with 0.306. Giving teachers a fair salary comes next after those two 
previous criteria with a weight of 0.225. The last two criteria, improving the ratio of teacher 
to students and improving class size, come fourth and fifth respectively. 
 
2 
Giving 
teachers 
a fair 
salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR efficiency 
Giving teachers a 
fair salary 
1 7 5 7 9 0.525 1 
0.492 0.437 1 
Owning the school 
building 
1/7 1 9 9 5 0.248 2 
Improving class size 1/5 1/9 1 7 9 0.117 3 
Improving the ratio 
of teacher to 
students 
1/7 1/9 1/7 1 8 0.051 4 
Giving teachers 
regular professional 
training 
1/7 1/5 1/9 1/8 1 0.023 5 
Table 5.5: The Results of priority ranking for school 2 
Source: Organised by author 
 
Table 5.5 presents the priority ranking for improving performance criteria for school 2. The 
overall results reveal that giving teachers a fair salary (0.525) as the most important 
criterion of the hierarchy, followed by owning the school building (0.248) and improving 
class size (0.117). The fourth and fifth important criteria are improving the ratio of teacher 
to students (0.051) and giving teachers regular professional training (0.023) respectively. 
However, CI = 0.492 and CR = 0.437, the consistency index and ratio were considerably 
greater than 0.10. This renders the above results somewhat unreliable. It is not uncommon 
to obtain this type of inconsistent judgements during the pairwise comparisons due to the 
decision-maker’s inaccurate or misunderstood evaluations. A technique for dealing with 
inconsistencies in pairwise comparisons (detailed in Chapter 6) will be utilised in order to 
improve the validity of the priorities derived from the judgments. 
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10 
Giving 
teachers a 
fair salary 
Owning 
the school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR efficiency 
Giving teachers a fair 
salary 
1 8 1 1 1 0.244 1 
0 0 1 
Owning the school 
building 
1/8 1 1/8 1/8 1/7 0.031 5 
Improving class size 1 8 1 1 1 0.244 1 
Improving the ratio of 
teacher to students 
1 8 1 1 1 0.244 1 
Giving teachers regular 
professional training 
1 7 1 1 1 0.237 4 
Table 5.6: The Results of priority ranking for school 10 
Source: Organised by author 
  
Considering the results of school 10 from Table 5.6, some noticeable equivalent weights 
are obtained for multiple criteria. Similarities that stand out are the fact that school 10 
consider giving teachers a fair salary, improving class size and improving the ratio of teacher 
to students as being ranked first with a weight of 0.244. This is followed by giving teachers 
regular professional training (0.237) and owning the school building (0.031) which is the 
least important criterion for this school in the context of improving the performance. CI = 
0 and CR = 0, the consistency ratio is at its lowest possible level, hence suggestion that the 
AHP pairwise comparisons are valid. 
 
5.5 Summary of AHP analysis 
This chapter demonstrates the use of AHP as a decision-making tool for ranking 
performance improving criteria for 12 private Saudi schools. The principal is performance 
enhancement in schools. The considered criteria to improve performance in schools consist 
of giving teachers a fair salary, owning the school building, improving the class size, 
improving the ratio of teacher to students and giving teachers regular professional training. 
The questionnaire design and analysis method are then explained by which data collection 
is completed by response from school managers from different Saudi private schools. 
 The utilisation of AHP judgement scales in this research and their application were also 
defined in this chapter. From a comparison of the results using a 1-9 scale, it can be seen 
that different scales can obtain different weights. From this point of view, the criterion 
giving teachers a fair salary is ranked first for six out of twelve schools which means that 
those schools found this criterion more important for improving the performance of 
schools than other criteria.  
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Table 5.7: Summary Table of AHP Analysis  
Source: Organised by author 
Table 5.7 presents the summary of the results for ranking the criteria of improving the 
performance. This is presented in the first column, with the rank of every criteria shown in 
rows 3, 5, 7, 9 and 11. It is obvious from the table that giving teachers a fair salary criterion 
is the most important criteria for improving the performance of schools – six times for 
school 2, 5, 6, 7, 8 and 10, where this criterion had the highest standard deviation (0.168). 
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This means that the difference of opinion among the schools is also the highest for this 
criterion. The reason behind this criterion to be regarded as the highest for six schools, is 
that a teacher can give more energy in a school when he receives a fair salary which will 
make teacher teach in a comfortable atmosphere, causing a positive impact to school 
performance, unlike those who do not offered high salary (Alshateri, 2011).  
Six schools also find giving teachers regular professional training is the second most 
important criteria for the aim of improving their performance; this also has a relatively high 
standard deviation compared to other criteria. Improving class size was ranked as the third 
most important element for the criteria of improving the performance of schools 2, 3, 7 
and 12.  
Five out of the twelves schools ranked improving the ratio of teacher to students as the 
fourth most important factor for improving their school performance.  Overall, there is a 
good consensus on the priority level of this criterion, which has the lowest standard 
deviation (0.064), indicating that the schools were tending towards an agreement for the 
relative weight given to this particular criterion.  
Finally, owning the school building was regarded as the least important factor for sex 
schools with a weight range from 0.03 to 0.055. The overall average of the ranking to the 
importance of the criteria was calculated for all criteria to examine the variations in the 
responses given by decision makers. From the overall average of the rank of the importance 
of the criteria, it is shown that the criterion ‘’ giving teachers a fair salary’’ is by far the most 
important criterion with an overall average of 2.167, while the least important criterion is 
owning the school building with an average rank of 3.75.  
The inefficient and efficient school average and rank is also calculated in order to show the 
difference between efficient and inefficient schools in terms of ranking the priority. There 
is a significant difference between the average rank of the criterion ‘’ giving teachers a fair 
salary’’ where the efficient schools regarded this criterion as the most important for the 
aim of improving their performance with an average of 1.25, while inefficient schools rank 
it as the least important with an average rank of 4. For the criterion ‘’giving teachers regular 
professional training’’ Inefficient schools rank it as the most important criterion with an 
average of 1.5, while efficient schools regarded it as the second most important criterion. 
The average rank of the criterion ‘’ owning the school building’’ is similar for efficient and 
inefficient schools where it is ranked as the fourth important criterion with average rank of 
3.75. Thus, it is clearly demonstrated that efficient schools show a different preferential 
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order to inefficient ones; in particular efficient schools recognise the high relative 
importance of paying a fair salary to their teachers. Whilst inefficient schools concentrate 
relatively more on issues such as training.  
 School 10 clearly shows that giving teachers a fair salary, improving class size and 
improving the ratio of teacher to students was ranked as highest with an important weight 
of 24.4%. Giving teachers regular professional training was the next most important with 
23.7% and, finally, owning the school building, with a weight of 3.1%. The analysis of the 
pairwise judgement regarding school 10 is considerably robust, as it shows an inconsistency 
ratio of 0. 
In terms of the consistency of pairwise comparison, ten schools out of twelve have a 
consistency ratio higher than the recommended 0.1 threshold, while the other two have 
acceptable rations. As previously mentioned, this inconsistency in the comparison is due to 
imperfect judgements of the comparison, for example in school 6 the respondent rank 
improving class size as more important than giving teachers a fair salary which is more 
important than improving the ratio of teacher to students; school 6 then gave improving 
class size equal in scale to improving the ratio of teacher to students, while improving class 
size must be more important than improving the ratio of teacher to students. Therefore, 
this school has a high level of inconsistency where CR is 0.66. However, a method for 
dealing with inconsistencies in pairwise comparisons can be utilised, to reduce those 
unacceptable CI and CR results which will be discussed in the next chapter.  
 
5.6 Conclusion 
In this chapter, it is shown that AHP is an appropriate decision-making tool for the type of 
problem under consideration. It is based on simple human judgments, with consideration 
for the inconsistencies in these judgments. The basic technique of AHP is to break down a 
problem into smaller components and then guide the decision maker through a series of 
pairwise comparisons, to obtain the relative priorities of the elements in the hierarchy. AHP 
has an advantage of providing researchers with examination of the consistence of pairwise 
comparison by using the consistency ratio (CR) for each comparison matrix. For those 
schools whose comparisons show inconsistence, González-Pachón & Romero (2004) 
present a method of dealing with inconsistency of pairwise comparison using goal 
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programming that will not require the elicitation of further information from the decision 
maker. 
The purpose of using this methodology was to prioritise the different criteria associated 
with the goal of improving the performance of private schools in Saudi Arabia. The method 
of AHP being applied with the case studies provides an effective framework for learning 
about the importance of criteria for improving the performance in educational sectors. The 
AHP analysis has delivered an aggregate criteria rating that can be taken forward to a more 
prescriptive decision-making technique for school performance enhancement, such as goal 
programming. It has also successfully highlighted the preferential differences between 
efficient and inefficient schools with respect to the DEA analysis of the previous Chapter. It 
thus suggests some potential reasons behind the causes of efficiency, the principal of which 
is a lack of focus on teacher salary by inefficient schools. The research suggests that the 
framework can be applied to varying criteria depending on the aim of assessment. 
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Chapter 6 the Method for Dealing with 
Inconsistencies in Pairwise Comparisons 
Introduction  
The preceding chapter has provided the results of Analytic Hierarchy Process methods 
applied to the sample schools of the case study. In terms of a consistency investigation as 
stated in the previous chapter, if the Consistency Index (CI) and Consistency Ratio (CR) are 
below 0.1, then the judgements from the respondent’s questionnaire are considered to be 
consistent and acceptable; otherwise, the pairwise judgements require further 
investigation. This could take the form of:  
(i) The usage of the results with the knowledge that the resulting weights have a 
higher level of associated uncertainty due to their inconsistency. 
(ii) Asking the decision maker to make their pairwise comparisons again or 
(iii) The use of a mathematical consistency improvement algorithm. 
Option (i) is not desirable in this case as consistent results are preferred due to the 
consequences for the school of the actions recommended by the goal programming model 
with the AHP weights as an input in Chapter 7. Option (ii) is not possible in this case because 
of confidence levels which are obtained from the AHP survey where there is one additional 
question in the questionnaire asking them to answer regarding the level of confidence. A 
rating scale method is chosen for that purpose. The scale is specified as follows: 1 (not 
confident), 3 (low), 5 (medium confidence), 7 (high), and 9 (totally confident).  
The results are summarised and presented in Table 6.1 and Figure 6.1. This rating of 
confidence makes it difficult to return the questionnaire to the respondents to revise it. 
Additionally, there is no guarantee that the revised pairwise comparisons will be 
consistent, and multiple interactions with the school manager to correct inconsistency are 
not desirable. However, from the investigation the confidence feedback from the 
questionnaire respondents are medium to high, while the inconsistencies still existed. This 
makes it impossible to return the questionnaire and we need to find another way to 
improve the inconsistency whilst changing the comparison matrix as minimally as possible. 
Therefore option (iii) an algorithmic method for dealing with inconsistencies in pairwise 
comparisons, which improves the reliability of the results is chosen. The algorithm is found 
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in González-Pachón & Romero (2003) who present an attractive and flexible approach 
based on goal programming. 
 
  
 Figure 6.1: Graphical summary of confidence levels against consistency ratio  
Source: Organised by author 
 
The present chapter aims to utilise the method that can be used to improve inconsistencies 
in pairwise comparisons. The method was presented by Gonzalez & Romero (2004) where 
goal programming was proposed as an attractive and flexible tool for a distance-based 
framework for analysing this kind of compatibility. 
It is stated by Gonzalez & Romero (2004) that the pairwise comparison (PC) method is a 
powerful inference tool which allows the constructing of a global rank from local ones by 
using metrical algebra. The key aim of the PC method is to estimate a set of numerical 
weights (𝑤1, … , 𝑤𝑛) to 𝑛  items, considering the recorded information contained in the PC 
matrix which is constructed to estimate priorities. That is because the consistency of the 
PC matrix is predictable. Some of the widely used methods based on PCs, such as AHP, 
assumed a behaviourist perspective, intransitivity and/or cycles have been permitted. In 
mathematics, intransitivity (sometimes called non transitivity) is a property of binary 
relations that are not transitive relations. This may include any relation that is not 
transitive, or the stronger property of anti-transitivity, which describes a relation that is 
never transitive. The term intransitivity is often used when speaking of scenarios in which 
a relation describes the relative preferences between pairs of options, and weighing 
several options produces a "loop" of preference. Therefore such a preference loop (or 
"cycle") is known as an intransitivity (Schmidt, 2010). Generally speaking, if the PC matrix 
includes ordinal intransitivity, then the probability of surpassing the recommended 
consistency ratio (e.g. 0.10 in the AHP method) is very high. 
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Schools 
Confidence 
Level 
Consistency 
Ratio 
1 10 0.09 
2 8 0.44 
3 7 0.63 
4 6 0.60 
5 7 0.27 
6 6 0.66 
7 7 0.29 
8 9 0.66 
9 7 0.34 
10 7 0 
11 6 0.25 
12 9 0.24 
 
Table 6.1: Confidence levels against 
consistency ratio 
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6.1 Method for Improving Consistency 
Inconsistency in pairwise comparison are generally explicitly addressed methodologically. 
González-Pachón and Romero (2004) proposed a method with the aim of approximating 
the original PC matrix where they attempt to find out a new matrix that varies as little as 
possible from the inconsistent PC matrix (an example is given by (1)). It can be observed 
that there are three sets of goals; 
Goal set 1: remain as close as possible to original matrix. 
Goal set 2: remain as close as possible to a reciprocal matrix, 
Goal set 3: be as consistent as possible.  
Goal programming (GP) is used as a relevant tool. With respect to González-Pachón & 
Romero (2004), the following GP model is formulated for a sample matrix of size five to 
obtain a consistent matrix: 
Setting 𝑤𝑖𝑗 equal to the entry for row i and column j of the revised AHP matrix. 
𝑛𝑘
(1) 𝑎𝑛𝑑 𝑝𝑘
(1) are the negative and positive deviations from the similarity goal of the 𝑘’th 
element of the AHP matrix (assuming a row before column ascending ordering of matrix 
elements) respectively. 𝑛𝑙
(3)𝑎𝑛𝑑 𝑝𝑙
(3) are the negative and positive deviations from the 𝑙’th 
consistency goal, following the assumed order of goals in (5). The single parameter u gives 
the balance between the relative importance of similarity and consistency in the 
achievement function.   
 
𝑀 =
[
 
 
 
 
1.00 7.00 5.00 7.00 9.00
0.14 1.00 9.00 9.00 5.00
0.20 0.11 1.00 7.00 9.00
0.14 0.11 0.14 1.00 8.00
0.14 0.20 0.11 0.13 1.00]
 
 
 
 
      (1) 
 
Achievement function: 
𝑀𝐼𝑁 𝑎 = 𝑢  (𝑛𝑖
(1) + 𝑝𝑖
(1))20𝑖=1 + (1 − 𝑢) (𝑛𝑡
(3)
+ 𝑝𝑡
(3)
)60𝑡=1      (2) 
 
Subject to: 
𝑤12 − 7.00 + 𝑛1
(1) − 𝑝1
(1) = 0,       𝑤13 − 5.00 + 𝑛2
(1) − 𝑝2
(1) = 0,       𝑤14 − 7.00 + 𝑛3
(1) − 𝑝3
(1) = 0, 𝑤15 − 9.00 + 𝑛4
(1) − 𝑝4
(1) = 0,    
𝑤21 − 0.14 + 𝑛5
(1) − 𝑝5
(1) = 0,       𝑤23 − 9.00 + 𝑛6
(1) − 𝑝6
(1) = 0,       𝑤24 − 9.00 + 𝑛7
(1) − 𝑝7
(1) = 0, 𝑤25 − 5.00 + 𝑛8
(1) − 𝑝8
(1) = 0, 
𝑤31 − 0.20 + 𝑛9
(1) − 𝑝9
(1) = 0,       𝑤32 − 0.11 + 𝑛10
(1) − 𝑝10
(1) = 0,       𝑤34 − 7.00 + 𝑛11
(1) − 𝑝11
(1) = 0, 𝑤35 − 9.00 + 𝑛12
(1) − 𝑝12
(1) = 0,             (3) 
𝑤41 − 0.14 + 𝑛13
(1) − 𝑝13
(1) = 0,       𝑤42 − 0.11 + 𝑛14
(1) − 𝑝14
(1) = 0,       𝑤43 − 0.14 + 𝑛15
(1) − 𝑝15
(1) = 0, 𝑤45 − 8.00 + 𝑛16
(1) − 𝑝16
(1) = 0, 
𝑤51 − 0.14 + 𝑛17
(1) − 𝑝17
(1) = 0,       𝑤52 − 0.20 + 𝑛18
(1) − 𝑝18
(1) = 0,       𝑤53 − 0.11 + 𝑛19
(1) − 𝑝19
(1) = 0, 𝑤54 − 0.13 + 𝑛20
(1) − 𝑝20
(1) = 0, 
𝑤12𝑤21 = 1,    𝑤13𝑤31 = 1,    𝑤14𝑤41 = 1,    𝑤15𝑤51 = 1,   
𝑤23𝑤32 = 1,    𝑤24𝑤42 = 1,    𝑤34𝑤43 = 1,    𝑤45𝑤54 = 1,     (4) 
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𝑤35𝑤53 = 1,    𝑤45𝑤54 = 1,      
 
𝑤13𝑤32 − 𝑤12 + 𝑛1
(3) − 𝑝1
(3) = 0,    𝑤14𝑤42 − 𝑤12 + 𝑛2
(3) − 𝑝2
(3) = 0,    𝑤15𝑤52 − 𝑤12 + 𝑛3
(3) − 𝑝3
(3) = 0,   (5) 
𝑤12𝑤23 − 𝑤13 + 𝑛4
(3) − 𝑝4
(3) = 0,    𝑤14𝑤43 − 𝑤13 + 𝑛5
(3) − 𝑝5
(3) = 0,    𝑤15𝑤53 − 𝑤13 + 𝑛6
(3) − 𝑝6
(3) = 0,  
𝑤12𝑤24 − 𝑤14 + 𝑛7
(3) − 𝑝7
(3) = 0,    𝑤13𝑤34 − 𝑤14 + 𝑛8
(3) − 𝑝8
(3) = 0,    𝑤14𝑤44 − 𝑤14 + 𝑛9
(3) − 𝑝9
(3) = 0,   
 𝑤12𝑤25 − 𝑤15 + 𝑛10
(3) − 𝑝10
(3) = 0,    𝑤13𝑤35 − 𝑤15 + 𝑛11
(3) − 𝑝11
(3) = 0,    𝑤14𝑤45 − 𝑤15 + 𝑛12
(3) − 𝑝12
(3) = 0,  
𝑤23𝑤31 − 𝑤21 + 𝑛13
(3) − 𝑝13
(3) = 0,    𝑤24𝑤41 − 𝑤21 + 𝑛14
(3) − 𝑝14
(3) = 0,    𝑤25𝑤51 − 𝑤21 + 𝑛15
(3) − 𝑝15
(3) = 0,  
𝑤21𝑤13 − 𝑤23 + 𝑛16
(3) − 𝑝16
(3) = 0,    𝑤24𝑤43 − 𝑤23 + 𝑛17
(3) − 𝑝17
(3) = 0,    𝑤25𝑤53 − 𝑤23 + 𝑛18
(3) − 𝑝18
(3) = 0,  
𝑤21𝑤14 − 𝑤24 + 𝑛19
(3) − 𝑝19
(3) = 0,    𝑤23𝑤34 − 𝑤24 + 𝑛20
(3) − 𝑝20
(3) = 0,    𝑤25𝑤54 − 𝑤24 + 𝑛21
(3) − 𝑝21
(3) = 0,  
𝑤21𝑤15 − 𝑤25 + 𝑛22
(3) − 𝑝22
(3) = 0,    𝑤23𝑤35 − 𝑤25 + 𝑛23
(3) − 𝑝23
(3) = 0,    𝑤24𝑤45 − 𝑤25 + 𝑛24
(3) − 𝑝24
(3) = 0,  
𝑤32𝑤21 − 𝑤31 + 𝑛25
(3) − 𝑝25
(3) = 0,    𝑤34𝑤41 − 𝑤31 + 𝑛26
(3) − 𝑝26
(3) = 0,    𝑤35𝑤51 − 𝑤31 + 𝑛27
(3) − 𝑝27
(3) = 0,  
𝑤31𝑤12 − 𝑤32 + 𝑛28
(3) − 𝑝28
(3) = 0,    𝑤34𝑤42 − 𝑤32 + 𝑛29
(3) − 𝑝29
(3) = 0,    𝑤35𝑤52 − 𝑤32 + 𝑛30
(3) − 𝑝30
(3) = 0,  
𝑤31𝑤14 − 𝑤34 + 𝑛31
(3) − 𝑝31
(3) = 0,    𝑤32𝑤24 − 𝑤34 + 𝑛32
(3) − 𝑝32
(3) = 0,    𝑤35𝑤54 − 𝑤34 + 𝑛33
(3) − 𝑝33
(3) = 0,  
𝑤31𝑤15 − 𝑤35 + 𝑛34
(3) − 𝑝34
(3) = 0,    𝑤32𝑤25 − 𝑤35 + 𝑛35
(3) − 𝑝35
(3) = 0,    𝑤34𝑤45 − 𝑤35 + 𝑛36
(3) − 𝑝36
(3) = 0,  
𝑤42𝑤21 − 𝑤41 + 𝑛37
(3) − 𝑝37
(3) = 0,    𝑤43𝑤31 − 𝑤41 + 𝑛38
(3) − 𝑝38
(3) = 0,    𝑤45𝑤51 − 𝑤41 + 𝑛39
(3) − 𝑝39
(3) = 0,  
𝑤41𝑤12 − 𝑤42 + 𝑛40
(3) − 𝑝40
(3) = 0,    𝑤43𝑤32 − 𝑤42 + 𝑛41
(3) − 𝑝41
(3) = 0,    𝑤45𝑤52 − 𝑤42 + 𝑛42
(3) − 𝑝42
(3) = 0,  
𝑤41𝑤13 − 𝑤43 + 𝑛43
(3) − 𝑝43
(3) = 0,    𝑤42𝑤23 − 𝑤43 + 𝑛44
(3) − 𝑝44
(3) = 0,    𝑤45𝑤53 − 𝑤43 + 𝑛45
(3) − 𝑝45
(3) = 0,  
𝑤41𝑤15 − 𝑤45 + 𝑛46
(3) − 𝑝46
(3) = 0,    𝑤42𝑤25 − 𝑤45 + 𝑛47
(3) − 𝑝47
(3) = 0,    𝑤43𝑤35 − 𝑤45 + 𝑛48
(3) − 𝑝48
(3) = 0,  
𝑤52𝑤21 − 𝑤51 + 𝑛49
(3) − 𝑝49
(3) = 0,    𝑤53𝑤31 − 𝑤51 + 𝑛50
(3) − 𝑝50
(3) = 0,    𝑤54𝑤41 − 𝑤51 + 𝑛51
(3) − 𝑝51
(3) = 0,  
𝑤51𝑤12 − 𝑤52 + 𝑛52
(3) − 𝑝52
(3) = 0,    𝑤53𝑤32 − 𝑤52 + 𝑛53
(3) − 𝑝53
(3) = 0,    𝑤54𝑤42 − 𝑤52 + 𝑛54
(3) − 𝑝54
(3) = 0,  
𝑤51𝑤13 − 𝑤53 + 𝑛55
(3) − 𝑝55
(3) = 0,    𝑤52𝑤23 − 𝑤53 + 𝑛56
(3) − 𝑝56
(3) = 0,    𝑤54𝑤43 − 𝑤53 + 𝑛57
(3) − 𝑝57
(3) = 0,  
𝑤51𝑤14 − 𝑤54 + 𝑛58
(3) − 𝑝58
(3) = 0,    𝑤52𝑤24 − 𝑤54 + 𝑛59
(3) − 𝑝59
(3) = 0,    𝑤53𝑤34 − 𝑤54 + 𝑛60
(3) − 𝑝60
(3) = 0,   
0.11 ≤ 𝑤𝑖𝑗 ≤ 9    (6) 
𝑖 = 1,… ,5,          𝑗 = 1, . . ,5. 
It can be observed that there are three objectives to be achieved that correspond to the 
similarity condition when compared to the original matrix, these are goal set (3), (4) is a set 
of equality constraints rather than the goals utilised by González-Pachón & Romero (2004) 
in order to ensure reciprocity. This change has been made as it is difficult to analyse results 
from non-reciprocal matrices. Goal set (5) aims to improve consistency of the matrix. 
Finally, sign restriction set (6) ensure that the range of all weights is contained within the 
standard AHP scale. 
Regarding the GP achievement function above in the formulation, u is a parameter that 
controls the relative importance given to minimisation of deviations from the goals set (3) 
and (5), which relate to the similarity to the original matrix and consistency respectively 
where it is utilised to multiply the models in LINGO for sensitivity analysis (see experimental 
section). Computer software LINGO version 14.0 and AHP calculation software developed 
by Senshu University Japan (Takahagi, 2005) are utilised for model solution and data 
analysis respectively. The results will be discussed by highlighting three out of the twelve 
schools. (The remaining results can be seen in Appendix D). 
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6.2 Experimental analysis 
In this section, the data from the previous chapter being modified by LINGO software will 
be discussed. Chen et al. (2013) present that criteria weight specified from pairwise 
comparisons, often reflect the inherent unreliability in the AHP-based multi-criteria 
decision-making (MCDM). The inconsistencies may occur due to change in circumstances 
when the different comparisons are being made. As long as there is coherence in the 
decision-making process in general, a limited amount of inconsistency may be tolerated. 
Through an MCDM process, the weights can be changed directly by adjusting the output 
from a pairwise comparison matrix, or indirectly by recalculating the matrix after varying 
its input. Corresponding weight sensitivity on multi-criteria evaluation results is generally 
difficult to be quantitatively assessed. Subsequently, the models used for each schools will 
be multiplied by parameter u (from u = 0.1 to u = 0.9) in equation (2) in order to conduct a 
weight sensitivity analysis. This analysis provides us with reliability when the selection of 
the modified results is reached. 
 
6.2.1 Schools analysis 
{2}   parameters (u) CI CR Average Change Maximum Change 
Original 0.492 0.437 0 0 
0.5,0.5 0 0 1.75 8.44 
0.6,.0.4 0 0 1.75 8.44 
0.7,0.3 0 0 1.75 8.44 
0.8,0.2 0 0 1.75 8.44 
0.85,0.15 0 0 1.75 8.44 
0.9,0.1 0.03 0.026 1.05 7.71 
Table 6.2: Weights Sensitivity Analysis of school 2 
Source: Organised by author 
 
 
Table 6.2 shows the CI, CR, Average Change, and Maximum Change results of school 2 
which were analysed using LINGO. CI and CR results are all less than 0.1. Average and 
maximum change values are all the same except for the parameter 0.9 and 0.1 where the 
change decreases slightly to 1.05 and 7.71 for Average and maximum change respectively. 
CI and CR in this case at 0.9, 0.1 is the most reliable because it provides the minimum 
change. 
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Decision variables 
Giving 
teacher fair 
salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teacher 
regular 
professional 
training 
weight 
Giving teacher fair salary 1 7 5 7 9 0.525 
Owning the school building 1/7 1 9 9 5 0.248 
Improving class size 1/5 1/9 1 7 9 0.117 
Improving the ratio of 
teacher to students 
1/7 1/9 1/7 1 8 0.051 
Giving teacher regular 
professional training 
1/7 1/5 1/9 1/8 1 0.023 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 1.8 1 1.13 9 0.281 1 1.8 1 1.13 9 0.281 
0.56 1 0.56 0.625 5 0.156 0.56 1 0.56 0.625 5 0.156 
1 1.80 1 1.13 9 0.281 1 1.80 1 1.13 9 0.281 
0.89 1.60 0.89 1 8 0.250 0.89 1.60 0.89 1 8 0.250 
0.11 0.20 0.11 0.125 1 0.031 0.11 0.20 0.11 0.125 1 0.031 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 1.8 1 1.13 9 0.281 1 1.8 1 1.13 9 0.281 
0.56 1 0.56 0.625 5 0.156 0.56 1 0.56 0.63 5 0.156 
1 1.80 1 1.13 9 0.281 1 1.80 1 1.13 9 0.281 
0.89 1.60 0.89 1 8 0.250 0.89 1.60 0.89 1 8 0.250 
0.11 0.20 0.11 0.125 1 0.031 0.11 0.20 0.11 0.125 1 0.031 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 1.8 1 1.13 9 0.281 1 1.8 1 7 9 0.349 
0.56 1 0.56 0.625 5 0.156 0.56 1 1.29 9 5 0.278 
1 1.80 1 1.13 9 0.281 1 0.78 1 7 9 0.293 
0.89 1.60 0.89 1 8 0.250 0.14 0.11 0.14 1 1.29 0.042 
0.11 0.20 0.11 0.125 1 0.031 0.11 0.2 0.11 0.78 1 0.039 
 Table 6.3: Modified data of school 2 
 Source: Organised by author 
 
Table 6.3 represents the sensitivity analysis results of school 2. It is discovered in the 
previous chapter that giving teachers a fair salary was the first priority of the criteria for 
improving the performance of school 2. The modified matrices provide an alternative 
priority structure where giving teachers a fair salary and improving class size are the equally 
most important criteria for all parameter settings except U1= 0.9 and U2= 0.1, where giving 
teachers a fair salary (0.349) becomes the first priority followed by improving class size 
(0.293) and owning the school building (0.278). The fourth and fifth important criteria are 
improving the ratio of teacher to students (0.042) and giving teachers regular professional 
training (0.039) respectively where it considers as the most reliable modified weights.  CI 
and CR were less than 0.1 (see Table 6.2) therefore the consistency is now considered to 
be acceptable. 
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{3}   Weight (u) CI CR Average Change Maximum Change 
Original 0.704 0.626 0 0 
0.5,0.5 0 0 1.103 6.67 
0.6,.0.4 0 0 1.438 6.72 
0.7,0.3 0 0 1.434 6.69 
0.8,0.2 0 0 1.432 6.66 
0.85,0.15 0 0 1.431 6.66 
0.9,0.1 0 0 0.873 6.67 
Table 6.4: Weights Sensitivity Analysis of school 3 
Source: Organised by author 
 
Table 6.4 represents the CI, CR, Average Change, and Maximum Change results of school 
3. The CI and CR results are equal to zero for all parameter settings. However there are 
differences in the average and maximum change results. In this case, the minimal average 
change value was 0.873 at the parameter of 0.9 and 0.1, which is therefore the desired 
solution because it provides the minimum change. 
 
Decision variables 
Giving 
teacher fair 
salary 
Owning the 
school 
building 
Improving 
class size 
Improving the 
ratio of teacher to 
students 
Giving teacher 
regular professional 
training 
weight 
Giving teacher fair salary 1 7 8 8 1/7 0.326 
Owning the school building 1/7 1 1/7 6 1 0.087 
Improving class size 1/8 7 1 6 1 0.173 
Improving the ratio of 
teacher to students 
1/8 1/6 1/6 1 1/6 0.022 
Giving teacher regular 
professional training 
7 1 1 6 1 0.392 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 7 1.33 8 1.45 0.369 1 7 8 8 3.53 0.597 
0.143 1 0.190 1.143 0.208 0.053 0.143 1 1.143 1.143 0.50 0.085 
0.75 5.25 1 6 1.09 0.277 0.125 0.875 1 1 0.44 0.075 
0.125 0.875 0.167 1 0.182 0.046 0.125 0.875 1 1 0.44 0.075 
0.687 4.811 0.916 5.499 1 0.254 0.28 1.98 2.27 2.27 1 0.169 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 7 8 8 3.24 0.588 1 7 8 8 3.01 0.580 
0.143 1 1.143 1.143 0.46 0.084 0.143 1 1.143 1.143 0.429 0.083 
0.125 0.875 1 1 0.41 0.074 0.125 0.875 1 1 0.376 0.072 
0.125 0.875 1 1 0.41 0.074 0.125 0.875 1 1 0.376 0.072 
0.31 2.16 2.47 2.47 1 0.181 0.334 2.33 2.66 2.66 1 0.193 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 7 8 8 2.91 0.576 1 7 1.33 8 1.33 0.364 
0.143 1 1.143 1.143 0.42 0.082 0.143 1 0.143 1.14 0.495 0.063 
0.125 0.875 1 1 0.36 0.072 0.75 7 1 6 1 0.295 
0.125 0.875 1 1 0.36 0.072 0.125 0.875 0.17 1 0.17 0.046 
0.34 2.41 2.75 2.75 1 0.198 0.75 2.02 1 6 1 0.233 
Table 6.5: Modified data of school 3 
Source: Organised by author 
 
 
From the original rating of the priority of the criteria for improving performance of schools, 
it was discovered that giving teachers regular professional training was regarded as the 
most important factor for improving performance criterion of school 3, followed by giving 
teachers a fair salary then improving the class size, and lastly owning the school building 
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and improving the ratio of teacher to students. The most reliable modified result is the 
U1=0.9, U2=0.1 which provides different results that show giving teachers a fair salary 
(0.364) becoming the first priority followed by improving class size (0.295) and giving 
teachers regular professional training (0.233). The fourth and fifth important criteria was 
owning the school building (0.063) and improving the ratio of teacher to students (0.046) 
respectively. CI and CR are less than 0.1 (see Table 6.4) therefore the consistency is now 
considered to be acceptable.  
 
{4}   Weight (u) CI CR Average Change Maximum Change 
Original 0.675 0.600 0 0 
0.5,0.5 0 0 1.084 6.622 
0.6,.0.4 0 0 1.084 6.622 
0.7,0.3 0 0 1.084 6.622 
0.8,0.2 0 0 1.084 6.622 
0.85,0.15 0 0 1.084 6.622 
0.9,0.1 0.11 0.099 0.519 6.276 
Table 6.6: Weights Sensitivity Analysis of school 4 
Source: Organised by author 
 
Table 6.6 represents the CI, CR, Average Change, and Maximum Change results of school 
4. CI and CR are both less than 0.1 in all cases. However, there are differences between 
Average and Maximum Change results. The minimal Average Change value is 0.519. The 
minimal Maximum Change values are 6.276. Therefore, the 0.9, 0.1 parameter is the 
preferred solution as is maintains a CR below 0.1 at minimal Average Change, and 
Maximum Change. 
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Decision variables 
Giving 
teacher fair 
salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teacher 
regular 
professional 
training 
weight 
Giving teacher fair salary 1 1 1/7 7 5 0.273 
Owning the school building 1 1 1/7 1/7 1/7 0.055 
Improving class size 7 7 1 1 1 0.385 
Improving the ratio of 
teacher to students 
1/7 7 1 1 1 0.142 
Giving teacher regular 
professional training 
1/5 7 1 1 1 0.144 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 2.65 0.378 0.378 0.378 0.107 1 2.65 0.378 0.378 0.378 0.107 
0.378 1 0.143 0.143 0.143 0.041 0.378 1 0.143 0.143 0.143 0.041 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 2.65 0.378 0.378 0.378 0.107 1 2.65 0.378 0.378 0.378 0.107 
0.378 1 0.143 0.143 0.143 0.041 0.378 1 0.143 0.143 0.143 0.041 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 2.65 0.378 0.378 0.378 0.107 1 1 0.143 0.724 0.724 0.103 
0.378 1 0.143 0.143 0.143 0.041 1 1 0.143 0.143 0.143 0.050 
2.65 7 1 1 1 0.284 7 7 1 1 1 0.353 
2.65 7 1 1 1 0.284 1.38 7 1 1 1 0.247 
2.65 7 1 1 1 0.284 1.38 7 1 1 1 0.247 
Table 6.7: Modified data of school 4 
Source: Organised by author 
 
It is discovered in the previous chapter that ‘’ improving class size’’ was only the first 
important criterion for improving the performance of school 4. The most reliable modified 
one (U1=0.9, U2=0.1) provides identical rating that ‘’ improving class size’’ is still come out 
on top. CR is less than 0.1 (see Table 6.6) therefore the consistency is now considered to 
be acceptable. 
 
6.3 Summary of Inconsistencies in Pairwise Comparisons Analysis 
 This chapter explored how the consistency of pairwise comparison of the AHP result was 
obtained by utilising the method developed by González-Pachón & Romero (2004). This 
method is based on usage of Goal programming as an approach to address inconsistent 
AHP pairwise comparisons. The methodology of the specific GP model was presented 
(model 2-6). The computer software: LINGO version 14.0 and Microsoft Excel were used as 
analytical tools. The experiment section then explained the PC matrix from the previous 
chapter being modified by using the software. The finding of each school was multiplied by 
the parameter (u). This analysis gave a confidence and reliability when it reached and chose 
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the best modified rating results. The summary of the modified results for all twelve schools 
is presented in Table 6.8.  
 
Table 6.8: Summary Table of the Acceptable Consistency Ratios 
Source: Organised by author 
 
Table 6.8 presents the summary of the result for the modified ranking of the criteria of 
improving the school performance; this is presented in the first column with the rank of 
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every criterion appearing in rows 3, 5, 7, 9 and 11. The most noticeable change between 
the original and revised change could be seen in the matrix of regarded the importance of 
each criterion to other.  The consistency ratio of all 10 schools became less than 0.1 which 
means the adjusted consistency is now determined to be ready for further analysis. 
 
6.4 Conclusion 
The aim of this chapter is to address the issue of inconsistency in pairwise comparison in 
AHP, obtained from the previous chapter. As shown in Table 6.8 this is worked because in 
order to solve this problem, the information contained in the AHP PC matrix should be 
modified through approximation of it as closely as possible to the original one. Therefore, 
goal programming is proposed as an attractive tool to solve the problem of inconsistency 
in the respondent’s questionnaire.  
As we found a difficulty while obtaining the data of AHP and the respondents seem to be 
less familiar with the use of pairwise comparisons of AHP methodology, there are relatively 
high levels of inconsistency. Subsequently, in order to reduce the inconsistency level, 
instead of retuning the questionnaire to the key decision makers for re-answering, an 
algorithm is utilised. The reasons for choosing this method rather than returning the 
questionnaires back to the respondents, are that re-evaluation from the respondents’ 
comparison may not be feasible and the author is not confident that a re-answering will 
lead to an acceptable level of inconsistency. The method that is chosen was introduced by 
Gonzalez and Romero (2004) where they proposed Goal Programming as a relevant tool or 
a distance-based framework for analysing this kind of compatibility to solve inconsistencies 
in pairwise comparisons. The aim of their method is to approximate the inconsistent PC 
matrix where they attempt to find a new matrix that varies as little as possible from the 
inconsistent PC matrix, so as to be a reciprocal and consistent modified matrix. After solving 
the models, the consistency values for all ten schools became less than 10 %, which means 
the modified consistency is now considered to be acceptable for further analysis. The next 
chapter will discuss the method of using Goal Programming (GP) models for improving the 
performance of the twelve schools, where relative weights of the criteria for improving the 
performance was discussed and obtained in the previous two chapters. 
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Chapter 7 Formulation and Solutions of Goal-
Programming (GP) Variants for Schools 
Efficiency Enhancement 
Introduction  
The previous chapter (Chapter 6) provided the results that had been modified by using the 
method for dealing with inconsistencies in pairwise comparisons (Gonzalez & Romero, 
2004), applied to the twelve samples of the case study. The resulting values of CI and CR 
are now less than 0.1, which means that the consistencies are now considered to be 
acceptable. The main aim of using the AHP method is to determine the relative importance 
of the objectives for improving the performance of the twelve sample schools which will 
be used in this chapter. The aim of this chapter is to present the method of using GP (goal 
programming) models, which can be used for improving the performance of private 
schools, giving key decision makers optimal values with respect to their preferences 
regarding the objectives of improving the performance of their schools. In order to 
optimise, in the case of decision-making, means to discover the decision that gives the 
optimal value of some measures from amongst the set of potential decisions (Jones & 
Tamiz, 2010). 
 After that, the solution that will be obtained from the weighted GP variant will be used to 
re-analyse the efficiency of the 57 schools by DEA, to examine the value of the GP’s 
findings. This chapter will first introduce concepts of GP analysis. The orientation of the 
models’ analysis will be discussed in this part, where their objectives and goals will be 
presented in order to formulate a set of GP models. After that the experimental sections 
will then be presented. The results will be demonstrated by selecting three out of twelve 
as representative case studies for in depth discussion (the rest can be seen in Appendix E). 
The last section will present the re-analysis of DEA using the new inputs from GP findings. 
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7.1 Goal Programming Concepts 
Goal programming is a robust multiple objective decision-making method that gives a 
concurrent solution to a complex system of competing objectives (Dubey et al., 2012). 
There are three major GP variants: Lexicographic goal programming, Weighted goal 
programming, and Chebyshev goal programming. The characteristic fact of lexicographic 
goal programming is the pre-emptive structure of preferences (Jones & Tamiz, 2010). In 
this research, priority levels are not involved for the analysis as the decision makers wish 
to examine trade-offs and balance between objectives, and do not have a prioritise 
preference system. Hence the lexicographic GP variant is not considered. There will be 
three GP models used for an analysis in the research. Weighted and Chebyshev variants are 
undertaken. The other model will be the Extended goal programming (Romero, 2001), 
which is a parametric mix between the weighted and Chebyshev variants. The Extended GP 
will hence be able to provide alternative solution as an option for key decision makers. This 
chapter specifically focuses on an analysis of improving the performance of private schools. 
In term of this analysis, the objectives used in the GP models will be set the same as the 
criteria used in the AHP analysis chapters, which consist of giving teachers a fair salary, 
owning the school building, improving the class size, improving the ratio of teacher to 
students and giving teachers regular professional training. The accepted AHP values can be 
seen in Table 6.8 of Chapter 6 (summary table of acceptable consistency ratios). 
The analysis performed in this chapter is organised into the following actions: 
A. Development of base line GP model, using AHP weights from chapter 6. 
B. Development of Weighted, Chebyshev, and Extended GP variants. 
C. Solution of variants and analysis of results. 
D. Re-analysis via DEA with GP results 
7.1.1 Goal Programming Model Development 
The mathematical model will cover the main objective stated in the private schools for 
improving their performance. There are a set of goals associated with enhancing schools 
performance that are considered after a discussion with many school managers. As in goal 
programming there are multiple goals to be pursued, it is substantial that management are 
able to give the relative importance of not satisfying goals with regards to their 
organisation. In this research, these weights are set using the AHP. 
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7.1.1.1 Decision variables 
 
x1 = {
1 if the support in the teachers salary from 
Human Resource Development Fund (HRDF)is applied  
0 if that is not applied
 
x2 = {
1 if the school paid the salary to the teachers
0 if the school does not paid the salary to the teachers 
 
x3 = {
1 if the transport allowance is applied in the school
0 if the transport allowance is not applied in the school 
  
x4 = {
1 if the retirement benefits is applied in the school
0 if the retirement benefits is not applied in the school 
  
x5 = {
1 if the yearly increment is applied in the school
0 if the yearly increment is not applied in the school 
   
x6 = {
1 if the building is owned
0 if the building is not owned 
 
x7= the number of students in a class 
x8= the number of teachers in a school 
x9= the number of training days per a year, per a teacher 
Data 
a1= the amount of support from (HRDF) to a teacher monthly salary 
a2= the amount of salary from the school to a teacher monthly salary 
a3= the amount of transport allowance 
Sj = the target amount of monthly salary for a teacher in year j   
  j = 1,…, 6 for a teacher with a bachelor level qualification and above 
       7,.., 9 for a teacher with a diploma level qualification and under 
N = desired number of students in class 
D = desired number of students in the school  
t = desired number of teachers in the school 
C = cost of the building 
MCS = marginal cost per student in a year 
MCT = marginal cost per a teacher in a year 
R = the cost of training course in a year for the teachers 
B = desired total budget of school in a year 
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7.1.1.2 Model goals 
Goal set 1 
Schools want to focus on giving employees a fair salary. This has a great impact on their 
performance, as the salary is set to match employee qualifications and experience in a 
school. 
The minimum wages of Saudi teachers at private schools should be SR 5, 000, as it stated 
by Saudi press agency (2012) , where 1$ is equal to 3.75 Saudi Riyal (SR), for  monthly salary 
to a teacher with a bachelor and above level qualification and 3,000 for monthly salary to 
a teacher with diploma and under level qualification; of which the Human Resources 
Development Fund (HRDF) would pay 50 percent of the monthly salary for five years to a 
teacher with a bachelor and above level qualification starting as soon as the teacher began 
in duty and two years for a teacher with diploma and under level qualification. The 
remainder would be incurred by the schools. In addition, there is SR600 which is a transport 
allowance. The contribution rate to the Annuities Branch are fixed at 18% of the 
contributory wage, of which 9% is paid by the employer and 9% is paid by the worker. The 
yearly increment of teacher salary in Saudi Arabia should be 5% of the total salary. 
For bachelor and above (this leads to the following goals) 
Letting ni and pi  to be the underachievement and overachievement of the ith target 
respectively. In the salary goals ni is unwanted and needs to be minimised. The unwanted 
deviation variables are represented in bold characters. 
 
year 1: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 𝐧𝟏 − p1 = S1         (1) 
year 2: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 0.05(a1 + a2)x5 + 𝐧𝟐 − p2 = S2   (2) 
year 3: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 0.1(a1 + a2)x5 + 𝐧𝟑 − p3 = S3     (3) 
year 4: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 0.15(a1 + a2)x5 + 𝐧𝟒 − p4 = S4   (4) 
year 5: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 0.2(a1 + a2)x5 + 𝐧𝟓 − p5 = S5      (5) 
year 6: a2x2 + a3x3 − 0.09(a2)x4 + 0.05(a2)x5 + 𝐧𝟔 − p6 = S6          (6) 
For diploma and under (this leads to the following goals) 
year 1: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 𝐧𝟕 − p7 = S7          (7) 
year 2: a1x1 + a2x2 + a3x3 − 0.09(a1 + a2)x4 + 0.05(a1 + a2)x5 + 𝐧𝟖 − p8 = S8     (8) 
year 3: a2x2 + a3x3 − 0.09(a2)x4 + 0.05(a2)x5 + 𝐧𝟗 − p9 = S9           (9) 
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Goal 2 
Owning the school building is important, as it has an effect on the performance of schools 
because they can be more flexible in adding and adjusting their facilities and services. 
x6 + 𝐧𝟏𝟎 − 𝐩𝟏𝟎 = 1    (10) 
1 is the target value of goal: indicating that the building should be owned 
x6 = {
1 if the building is owned
0 if the building is not owned 
 
In this goal n10 and p10 are unwanted and need to be minimised 
It is noted that as 1 is the maximum value of x6, in reality p10 will always take the value 
zero. However, p10 included for the sake of completeness. 
Goal 3 
Improving class sizes by setting a limit of 30 students per class for all schools as this is a 
major requirement of the Ministry of Education in Saudi Arabia – each school has their 
desired number of students N. 
      x7 + n11 − 𝐩𝟏𝟏 = N     (11)  
In this goal p11 is unwanted and needs to be minimised 
Goal 4 
Increasing the number of teachers to be 1 teacher to at least 15 students as this is a major 
requirement of the Ministry of Education in Saudi Arabia – each school has their desired 
ratio of students to a teacher D/t. 
x8 + n12 − 𝐩𝟏𝟐 = D/t   (12) 
In this goal p12 is unwanted and needs to be minimised 
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Goal 5 
Giving the teachers regular professional training in order to increase the quality of 
education. The training should not be more 6 days per term. 
      x9 + n13 − 𝐩𝟏𝟑 = 12    (13) 
In this goal p13 is unwanted and needs to be minimised. 
The unwanted deviation variables are represented in bold characters. 
Budget goal 
 
For budget goal in equation (14), the cost of each goal related to the performance 
improvement in schools for an academic year is taken into consideration. For the cost of 
teacher salary, the annual salary multiplied by the number of teachers. The same has been 
done for the transport allowance where the transport allowance cost is multiplied by the 
number of teachers. The third and fourth terms of the budget goal are for the retirement 
benefits and yearly increment respectively. To account the cost of the former, 9% which is 
the contribution rate is multiplied by the wage of all teachers from a school in a year. The 
same procedure has been done for the latter, where a value of 5% should be the increasing 
rate for a teacher in a year. The fifth term of the budget goal is related to the cost of the 
school building. In order to consider the cost of improving the class size, the marginal cost 
for each student is multiplied by the number of student subtracted of the decision variable 
of the new number of students in class. The sixth term is related to the ratio of a teacher 
to students; the cost for this goal is accounted as the same as the cost of improving the 
class size where the marginal cost of a teacher is multiplied by the ratio of a teacher to 
students subtracted of the decision variable of the new number of teachers. The seventh 
term is the cost of the training courses for all teachers in a year. 
(a2t)x2 + (a3t)x3 + 0.09(St)x4 + 0.05(St)x5 + cx6 + MCS(D − x7) + MCT (
D
t
− x8) + Rx9 + n14 −
𝐩𝟏𝟒 = B       (14) 
In this goal p14 is unwanted and needs to be minimised. 
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Hard constraints 
x1 − x2 <= 0     (15) 
It is mean that if a school does not provide a salary for their teachers, the support from 
HRDF will be not given. 
x7 ≤ 30     (16) 
n11 <= N − 10    (17) 
The number of students in class must not exceed 30 and the minimum should be 10 
x8 ≤ 15     (18) 
 n12 ≤
D
t
− 10     (19) 
The ratio of student to a teacher must not exceed 15 and the minimum should be 10, 
where  
D
t
 is the desired ratio of students to a teacher in a school 
x9 ≤ 12         (20) 
n13 ≤ 2        (21) 
The training days must not exceed 12 days per year and the minimum course days is 10 
ni − MSi ≤ 0                                  M is large positive number 
i = 1, …6, and 11,… ,14  (22) 
 if the school has teachers with only bachelor and above qualification 
 i = 1,… 9, and 11,… ,14  
 if school has teachers with Diploma and Bachelor (and above) qualification 
       
pi − M(1 − si) ≤ 0                         M is large positive number 
i = 1, …6, and 10, … ,14   (23) 
 if the school has teachers with only bachelor and above qualification 
 i = 1,… ,14  
 if a school has teachers with Diploma and Bachelor (and above) qualification 
 
These constraints to avoid ni and pi having value in same time. 
 
7.1.1.3 The Achievement Function 
Once all goals and constraints are identified, each goal should be analysed to see if 
underachievement or overachievement of that goal is an acceptable situation: 
 If overachievement or underachievement is allowed, the corresponding deviation 
variable can be eliminated from the objective function. 
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 If a goal should be attained exactly, both deviation variables must be included in 
the objective function. 
Those deviation variables that are needed to be minimised should be included in the 
objective function. 
Let: 
ni = Underachievement of the ith target, 
pi= Overachievement of the ith target. 
The corresponding Weighted GP objective function is formulated as follows: 
For a school that has bachelor and above qualification only 
Minimize z = (
uini+vipi
bi
) +  (
uini+vipi
bi
14
i=10
6
i=1 )         i = 1,… , 6 and 10, … ,14    (24) 
For a school that has bachelor and above qualification and also has teachers with a 
diploma qualification 
Minimize z = (
uini+vipi
bi
14
i=1  )        i = 1,… . ,14    (25) 
The corresponding Chebyshev GP objective function is formulated as follows: 
MIN z = λ   (26) 
With additional constraints relating to λ developed in the subsequent section. 
The corresponding Extended GP objective function is formulated as follows: 
For a school that has bachelor and above qualification only 
MIN a = αλ + (1 − α) [∑(
uini + vipi
bi
) + ∑(
uini + vipi
bi
14
i=10
6
i=1
)]   
   i = 1, … , 6 and 10,… ,14                (27) 
For a school that has a teacher with bachelor and above qualification and also has teachers 
with a diploma qualification 
MIN a = αλ + (1 − α) [ (
uini+vipi
bi
14
i=1  ) ]       i = 1,… ,14                (28) 
Control α regulates the mix between minimising the worst case deviation (balance) and 
minimising the sum of deviations (efficiency). Setting α = 1 gives a balance (𝐿∞) solution 
whilst setting α = 0 gives an efficient (𝐿1) solution. Intermediate values of give a 
corresponding mix of 0 < α < 1 efficiency and balance. 
ui is the negative deviation weight associated with the ith objective (derived from the AHP 
analysis). 
vi is the positive deviation weight associated with the ith objective (derived from the AHP 
analysis). 
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Where ui or vi are set equal to zero if the corresponding deviational variable is not 
unwanted 
bi is a target value for goal i i = 1, . . . ,14               for example b1 = S1  
According to the previous analysis of the AHP for ranking the importance of improving the 
performance objectives of private schools, the weightings of the goals are varied from 
school to school, as each school has its own ranking of importance of their objectives for 
enhancing school performance. 
Regarding ranking the importance of the objectives for improving the performance, 50% 
is set to the five objectives and another 50% to the budget goal.  
 
7.1.2 Goal Programming Models Used for Analysis 
This section shows the GP models that were developed for data analysis. The models 
consist of three variants: Weighted, Extended, and Chebyshev. 
 
7.1.2.1 Weighted GP Model 
MIN z =  (
uini
bi
+
vipi
bi
)ni=1     (29) 
Subject to (1),.., (23) 
Where: 
ni = Negative deviational variable associated with the i’th goal. 
pi = Positive deviational variable associated with the i’th goal. 
bi is a target value for goal i, 
ui is the negative deviation weight associated with the ith objective (derived from the AHP 
analysis). 
vi is the positive deviation weight associated with the ith objective (derived from the AHP 
analysis). 
Where ui or vi are set equal to zero if the corresponding deviational variable is not 
unwanted 
                        i = 1,… 6, and 10, … ,14   
 if the school has only bachelor and above qualification 
 i = 1,… 14  
 if the school has Diploma and Bachelor (and above) qualification 
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7.1.2.2 Chebyshev GP Model 
MIN z = λ   (30) 
Subject to 
Equations (1) to (23)  
uini
bi
+
vipi
bi
≤ λ          i = 1,… 6, and 10,… ,14 (31)  
Or 
uini
bi
+
vipi
bi
≤ λ         i = 1,… 14   (32) 
Following the same notation as the weighted GP Model 
λ is the maximal deviation from amongst the set of goals 
λ ≥ 0 
 
7.1.2.3 Extended GP Model 
MIN z = αλ + (1 − α) [∑(
uini
bi
+
vipi
bi
)
n
i=1
] 
Subject to 
Equations (1) to (23) 
Equations (31) or (32) 
Following the same notation as weighted GP Model 
 
7.2 Experimental analysis 
This section describes the optimal solution that is found using LINGO (2008) in term of 
minimising the objective function value. This program provides the goals achieved and 
those not achieved, as well as the optimum values of the choice variables and their 
deviations from the desired values. The results will be shown by selecting three 
representative schools from the twelve. The chosen schools have more representative and 
interesting trade-offs than the others schools and hence used to future the discussion of 
the results. (The rest can be seen in Appendix E).  
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Solution of school 6 using Weighted goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 9 
9 Third year 1365 yes 1500 X9 12 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 yes 9 
13 Teacher training 12 yes 12 
14 The budget 2445000 yes  2340000 
Solution of school 6 using Chebyshev goal programming variant 
                                                                         Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 9 
9 Third year 1365 yes 1500 X9 12 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 yes 9 
13 Teacher training 12 yes 12 
14 The budget 2445000 yes  2340000 
Solution of school 6 using Extended goal programming variant  α = 0.5 
                                                                                     Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 9 
9 Third year 1365 yes 1500 X9 12 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 yes 9 
13 Teacher training 12 yes 12 
14 The budget 2445000 yes  2340000 
Table 7.1: the solution for school 6 using the GP variants 
Source: Organised by author 
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Table 7.1 represents the results of GP analysis for school 6 which consisted of Weighted, 
Chebyshev, and Extended respectively. The results are the same for all the three variants. 
This indicates that in this case the result is not sensitive to different underlying preferences 
of the decision maker. As is seen from all the three variants results, in the first goal set, the 
salary for all the years for bachelor and above, and diploma and under qualification, are 
higher than the target value because this school has ranked the salary goal set as their first 
priority for improving the performance; this is achieved by the suggestion of a slight 
improvement for the teacher salary in all levels. This shows that all three GP variants have 
met the increased salary demands all year, preferring a more constant salary scheme. In 
this instance the owning the building goal is met by the school. The four remaining goals in 
this school are achieved as shown in Table 7.1 where all of them do not exceed the limit 
sited. The result obtained for these goals are the same for all three variants which shows 
that the target value is the same as the achieved level. According to the budget goal, this 
school has set a budget limit which must be not exceeded, where all three variants do not 
exceed that value but have a lower value than the target. 
Under its natural budget, this school has its goals met which is a strong indicator that the 
solutions may be Pareto inefficient, hence the budget is reduced in order to attempt to 
restore efficiency. Table 7.2 shows the results of GP analysis for school 6 after the reduction 
of the budget which shows the Weighted, Chebyshev, and Extended variants results 
respectively. As is shown from the weighted, Chebyshev and extended variant results, in 
the salary goal set, the salary for all the years for a teacher with bachelor and above level 
qualification, and diploma and under qualification, are higher than the target value. The 
result obtained for class size is the same for the Chebyshev, and Extended variants whereas 
it is different in the Weighted variant where the class size goal is met in the Weighted 
variant while it is not met in the Chebyshev, and Extended variants where it is higher than 
the target level. Therefore, a trade-off between the class size and the budget exists, where 
there is a decrease in the budget if the class size is more than the target as is shown in the 
Chebyshev, and Extended variants as compared to the Weighted variant. For the ratio of 
students to a teacher goal, in all three variants it is not met as it exceeds the target level. 
Considering the budget goal, having been reduced to restore efficiency, all three variants 
exceed the target value, which means the budget goal is now not met. 
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Solution of school 6 using Weighted goal programming variant after the reduction of the budget 
                                                                         Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 15 
9 Third year 1365 yes 1500 X9 10 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 No  15 
13 Teacher training 12 yes  10 
14 The budget 2000000 No  2186000 
Solution of school 6 using Chebyshev goal programming variant 
                                                                            Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 27.75 
8 Second year 1365 yes 1500 X8 15 
9 Third year 1365 yes 1500 X9 10 
10 Owning the building 1 yes 1 
 
11 Class size 20 No  27.75 
12 Ratio of students to a teacher 9 No  15 
13 Teacher training 12 yes  10 
14 The budget 2000000 No  2124000 
Solution of school 6 using Extended goal programming variant  α = 0.5 
                                                                         Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 27.75 
8 Second year 1365 yes 1500 X8 15 
9 Third year 1365 yes 1500 X9 10 
10 Owning the building 1 yes 1 
 
11 Class size 20 No  27.75 
12 Ratio of students to a teacher 9 No  15 
13 Teacher training 12 yes  10 
14 The budget 2000000 No   2124000 
Table 7.2: the solution for school 6 using the GP variants after the reduction of the budget 
Source: Organised by author 
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Solution of school 7 using Weighted goal programming variant 
                                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4050 yes 4500 X1 1 
2 Second year 4275 yes 4725 X2 1 
3 Third year 4500 yes 4725 X3 0 
4 Fourth year 4725 yes 4725 X4 0 
5 Fifth year 4950 No 4725 X5 1 
6 Sixth year 4275 yes 4750 X6 0 
10 Owning the building 1 No  0 X7 25 
11 Class size 25 yes 25 X8 14.4 
12 Ratio of students to a teacher 18.3 yes 14.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1322500 yes 1322500 
Solution of school 7 using Chebyshev goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4050 yes 4500 X1 1 
2 Second year 4275 yes 4725 X2 1 
3 Third year 4500 yes 4725 X3 0 
4 Fourth year 4725 yes 4725 X4 0 
5 Fifth year 4950 No  4725 X5 1 
6 Sixth year 4275 yes 4750 X6 1 
10 Owning the building 1 yes  1 X7 30 
11 Class size 25 No  30 X8 15 
12 Ratio of students to a teacher 18.3 yes 15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1322500 No  1395650 
Solution of school 7 using Extended goal programming variant  α = 0.5 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4050 yes 4500 X1 1 
2 Second year 4275 yes 4725 X2 1 
3 Third year 4500 yes 4725 X3 0 
4 Fourth year 4725 yes 4725 X4 0 
5 Fifth year 4950 No 4725 X5 1 
6 Sixth year 4275 yes 4750 X6 0 
10 Owning the building 1 No  0 X7 25 
11 Class size 25 yes 25 X8 14.4 
12 Ratio of students to a teacher 18.3 yes 14.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1322500 yes 1322500 
Table 7.3: the solution for school 7 using the GP variants 
Source: Organised by author 
 
Table 7.3 represents the results of GP analysis for school 7 which consists of the Weighted, 
Chebyshev, and Extended variants respectively. The results are the same for the three 
variants for the salary goal set, while other goals are the same for the weighted and 
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extended, whereas the Chebyshev variant has a different result. As is shown from all the 
three variants results, in the salary goal set, each year, the monthly salary for a teacher is 
higher than the target value apart from in the fifth year where it is less. This shows that all 
three GP variants have difficulty in meeting the increased salary demands in the latter 
years, preferring instead to have a more constant salary scheme. All the three variants 
managed a slight improvement and hence met the fourth-year salary goal. This school has 
ranked the salary goal set as their first priority for improving the performance; as is shown 
from their target, they managed to give their teachers a high salary when compared to 
other schools. For the owning the building goal, this goal is met in the Chebyshev variant, 
as this school is recommended to own the building, while this has not been achieved in the 
Weighted and Extended variants. The four remaining goals in this school are achieved in 
the Weighted and Extended variants as shown in Table 7.3, where all of them do not exceed 
the limit sited.  
The result obtained for these goals are the same for the Weighted and Extended variants, 
which shows that the target value has the same as the achieved level, except for the ratio 
of students to a teacher goal, where it appears lower than the target value but still meets 
the limit of this goal. For the Chebyshev variant, the result obtained for class size is higher 
than the target value and hence does not met the target level of this goal, while the ratio 
of students to a teacher and teacher training goals, appears lower than the target value but 
still meets the limit of these goals.  According to the budget goal, this school has set a 
budget limit which must not be exceeded, where weighted and extended variants do not 
exceed that value and have the same value as the target level, whereas in the Chebyshev 
variant the value is higher than the target. In conclusion, for this school there exists a trade-
off between owning the building (Chebyshev variant) and maintaining the budget and class 
sizes. 
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Solution of school 9 using Weighted goal programming variant 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 30 yes 10 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1580000 yes 1240000 
Solution of school 9 using Chebyshev goal programming variant 
                                                             Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 30 yes 10 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1580000 yes 1240000 
Solution of school 9 using Extended goal programming variant  α = 0.5 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 30 yes 10 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1580000 yes 1240000 
Table 7.4: the solution for school 9 using the GP variants 
Source: Organised by author 
 
Table 7.4 shows the optimal solution of each goals for school 9 for Weighted, Chebyshev, 
and Extended GP variants respectively. The results are the same for the three variants. As 
is shown from the table, this school has its goals met which is a strong indicator that the 
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solutions may be Pareto inefficient, hence the budget is reduced in order to attempt to 
restore efficiency. Table 7.5 shows the results of GP analysis for school 9 after the reduction 
of the budget. The results are the same for the Chebyshev and Extended variant while, the 
Weighted variant has different results. The Chebyshev and extended variant results show 
that the increased salary demands in all years have met, preferring a more constant salary 
scheme, whereas, in the Weighted variant result the salary goals have not met, as they are 
lower than the targets. For the owning the building goal, this goal is met in the Weighted 
variant, as this school has owned the building, while it has not been achieved in the 
Chebyshev and extended variants. The three remaining goals of this school are achieved as 
shown in Table 7.5 where all of them do not exceed the limits. According to the budget 
goal, it is reduced to restore efficiency, where the Chebyshev and Extended variants exceed 
the target value which means the budget goal not met. While in the Weighted variant, the 
budget goal has been met as it the same as the target level. Therefore, there is a trade-off 
between the salary goals (Chebyshev and Extended) and the budget and owning the 
building (Weighted). 
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Solution of school 9 using Weighted goal programming variant after the reduction of the budget 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No  5000 X2 1 
3 Third year 5150 No  5000 X3 0 
4 Fourth year 5150 No  5000 X4 0 
5 Fifth year 5150 No  5000 X5 0 
6 Sixth year 4400 No  4000 X6 1 
10 Owning the building 1 yes 1 X7 30 
11 Class size 30 yes 30 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1000000 yes 1000000 
Solution of school 9 using Chebyshev goal programming variant 
                                                             Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 0 
10 Owning the building 1 No  0 X7 28 
11 Class size 30 yes 28 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 11 
13 Teacher training 12 yes  11 
 
14 The budget 1000000 No  1040000 
Solution of school 9 using Extended goal programming variant  α = 0.5 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 0 
10 Owning the building 1 No  0 X7 28 
11 Class size 30 yes 28 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 11 
13 Teacher training 12 yes  11 
 
14 The budget 1000000 No  1040000 
Table 7.5: the solution for school 9 using the GP variants after the reduction of the budget 
Source: Organised by author 
 
 
 111 
 
7.3 Summary of Goal Programming Analysis 
 
This chapter specifically focused on an analysis of how to improve the performance of 
private schools, where Goal programming models were utilised in order to boost the 
efficiency of the schools by setting challenging targets for the performance criteria. There 
were three specific GP models used for an analysis in this chapter as follows: the Weighted, 
Chebyshev, and Extended. The objective of improving the performance of private schools, 
which are the goals used in the GP models, were identified as the same as the criteria seen 
in the AHP analysis chapters, which consisted of giving teachers a fair salary, owning the 
school building, improving the class size, improving the ratio of teacher to students and 
giving teachers regular professional training. The used AHP values can be seen in Table 6.8 
(summary table of acceptable consistency ratios in Chapter 6). The mathematical model 
will cover the main objective stated in the private schools for improving their performance 
which included specific goals to be achieved. 
There are five main objectives which are considered after a discussion with multiple schools 
managers.  For goal 1, which is giving teachers a fair salary, there are a set of goals, one for 
a teacher who has bachelor and above qualification – this includes six years goals where 
the first five years are supported by the Human Resources Development Fund, and the sixth 
year without any support. Other set goals for a teacher who has a diploma and under 
qualification – this includes three year goals, the first two supported and the third year 
without any support. The experimental analysis section was introduced after the 
orientations of the analysis models were formulated. The selected computer software for 
analysis was LINGO which is an efficient software package for constrained optimisation and 
modelling goal programming models as it is used by Jones & Tamiz (2010). From the results 
obtained, it is observed that seven out of twelve schools have theirs goals met which is a 
strong indicator that the solutions may be Pareto inefficient, hence the budget is reduced 
in order to attempt to restore efficiency. The findings after the reduction shows that there 
is a trade-off between the goals where is in schools 3, 4, and 6 a trade-off exists between 
the class size and the budget whereas, in schools 9 and 12, the trade-off is between the 
salary goals and the budget. Therefore, those schools should reduce the budget to be more 
efficient. The results for the extended variant are summarised in Table 7.6 and 7.7. 
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Table 7.6: Summary Table of Extended GP Model’s Analysis (target level) 
Source: Organised by author 
 
Table 7.7: Summary Table of Extended GP Model’s Analysis after the reduction of the budget (achieved level) 
Source: Organised by author 
 
 
                             
                            schools 
          goals 
1 2 3 4 5 6 7 8 9 10 11 12 
Salary improvement of 
bachelor and above for 
first year 
5150 4550 2730 2730 5150 2730 4050 6424 5150 5150 5150 5150 
second year 5400 4800 2730 2730 5400 2730 4275 6744 5150 5400 5150 5150 
Third year 5650 5050 2730 2730 5650 2730 4500 7064 5150 5650 5150 5150 
Fourth year 5900 5300 2730 2730 5900 2730 4725 7384 5150 5900 5150 5150 
Fifth year 6150 5550 2730 2730 6150 2730 4950 7704 5150 6150 5150 5150 
Sixth year 3576 2880 2730 2730 5400 2730 4275 6744 4400 3384 2784 4400 
Diploma and under for 
first year 
     1365       
Second year      1365       
Third year      1365       
Owning the building n/a 1 1 1 1 1 1 1 1 1 n/a n/a 
Class size 20 25 25 20 25 20 25 24 30 20 19 20 
Ratio of students to a 
teacher 
15.3 4.7 14.7 23.7 5.5 9 18.3 8.6 7.12 6.7 10.4 15 
Teacher training 12 12 12 12 12 12 12 12 12 12 12 12 
The budget (In 
thousand) 
2420,8 4150 899 2130 3052 2445 1322,5 3327 1580 1863 1000 1893,6 
Reduced budget (In 
thousand) 
1800  450 1100  2000   1000  500 1100 
                      schools 
 
     goals 
1 2 3 4 5 6 7 8 9 10 11 12 
Salary improvement 
of bachelor and above 
for first year 
5600 5000 3000 3000 5600 3000 4500 7000 5600 5600 5000 5000 
second year 5850 5250 3000 3000 5850 3000 4725 7320 5600 5850 5000 5000 
Third year 5850 5250 3000 3000 5850 3000 4725 7320 5600 5850 5000 5000 
Fourth year 5850 5250 3000 3000 5850 3000 4725 7320 5600 5850 5000 5000 
Fifth year 5850 5250 3000 3000 5850 3000 4725 7320 5600 5850 5000 5000 
Sixth year 3855 3150 3000 3000 5850 3000 4750 7320 4600 3645 2400 4000 
Diploma and under 
for first year 
     1500       
Second year      1500       
Third year      1500       
Owning the building n/a 1 0 0 1 1 0 1 0 1 n/a n/a 
Class size 20 10 25 20 25.1 27.75 25 24 28 15 19 20 
Ratio of students to a 
teacher 
12.5 4.7 15 15 5.5 15 14.4 8.6 7.12 6.7 10.4 15 
Teacher training 12 12 10 10 10 10 12 12 11 12 11.6 10.8 
The budget (In 
thousand) 
1800 3830 498,8 1170,8 3052 2124 1322,5 2967,04 1040 1347,238 500 1100 
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Table 7.6 presents the target value for each goal for the twelve schools, while Table 7.7 
shows the achieved values that are obtained by the Extended GP variant. For those schools 
whose their solutions may be Pareto inefficient, the budget is reduced for them in order to 
attempt to instore the efficiency. In terms of salary goals as is seen from the achieved value 
in Table 7.7, the Extended variant has a difficulty in meeting the increased salary demands 
in the latter year for schools 1, 2, 5, 7, 8, and 10, preferring instead a more constant salary 
scheme. Also, this variant managed a slight improvement in all the years for some schools 
such as 3, 4, 6 and 9, whereas in schools 11 and 12 the salary goals has not met where the 
achieved level appears lower than the target. According to other goals in the achieved value 
in Table 7.6, owning the building goal is not met for school 3, 4, 7 and 9. For the class size 
goal all of them do not exceed the limit that is sited by the schools except schools 5 and 6 
where they have a higher value than the target level. Only school 3 and 6 have not met the 
ratio of students to a teacher goal. Considering the budget goal, all schools do not exceed 
the target value except schools 3, 4, 6, and 9, where the achieved value of those schools 
are higher than the target. 
As is discussed in the literature review GP and DEA have different philosophies; where the 
focus of GP is in the direction of planning and the focus of DEA is in the direction of control. 
The DEA is hence re-analysed using the new data obtained from the Weighted goal 
programming variant. This in turn, led to an examination of the efficiency of the data that 
is obtained from goal programming model and an investigation into how efficient these 
schools are after changing some of its data. The next section will discuss the re-analysis of 
DEA using the GP improvement data.  
 
7.4 Re-Analysis by DEA Using the GP Improvement Data 
The previous section provided the results of goal programming models for the objectives 
of improving the performance of private schools in Saudi Arabia. In order to examine the 
value of these results, DEA is re-analysed using the data obtained from the weighted GP 
variant with the aim of measuring how efficient the twelve schools are after the obtained 
data, and how these schools affect the other 45 schools. The efficiency analysis using DEA 
was discussed in Chapter 4 including the orientation of the DEA analysis. 
The data that is used in both DEA and GP is the number of teachers, salary bills, capital 
expenditure, the number of Students per class and the type of Building – all are inputs used 
in DEA. 
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7.4.1 Experimental analysis 
This section will discuss the re-analysis the efficiency of private schools in Saudi Arabia, 
especially in the Riyadh district, using the data obtained from the weighted goal 
programming variant. The computer program DEAP 2.1 developed by Coelli (1996) was 
used for the analysis. Table 7.8 and 7.9 shows the data before and after change 
respectively. 
 
s 
Number of 
enrolled 
Students 
Fee Income 
(in Saudi 
riyal) 
The Quality 
of 
Education 
Services 
Provided 
The number 
of teachers 
Salary bills (in 
Saudi riyal) 
Capital 
expenditure (in 
Saudi riyal) 
the 
number of 
Students 
per Class 
the type of 
Building 
1 750 14000 8 6 49 2195200 2420800 20 2 
2 470 9000 10 10 100 4000000 4150000 25 1 
3 280 15000 9 8 19 456000 899000 25 1 
4 900 15000 3 5 38 1520000 2130000 20 1 
5 330 20000 10 9 60 2688000 3052000 25 1 
6 900 15000 9 8 80 1880000 2445000 20 1 
7 476 20000 8 9 26 940000 1322500 25 1 
8 403 31000 9 10 47 2888000 3327000 24 1 
9 178 10000 9 5 25 1120000 1580000 30 1 
10 253 14000 8 9 38 1672000 1863000 20 1 
11 207 12000 7 6 20 850000 1000000 19 2 
12 496 14000 8 8 33 1478400 1893600 20 2 
Table 7.8: the original DEA inputs and outputs data for 12 schools.  
Source: Organised by author 
 
s 
Number of 
enrolled 
Students 
Fee Income 
(in Saudi 
riyal) 
The Quality 
of Education 
Services 
Provided 
The number 
of teachers 
Salary bills (in 
Saudi riyal) 
Capital 
expenditure (in 
Saudi riyal) 
the number 
of Students 
per Class 
the type 
of Building 
1 750 14000 8 6 60 2313000 1859850 20 1 
2 470 9000 10 10 100 4500000 3830000 10 1 
3 280 15000 9 8 18.7 489660 498800 25 1 
4 900 15000 3 5 60 2073600 1170800 20 2 
5 330 20000 10 9 60 2688000 3052000 25.1 1 
6 900 15000 9 8 60 2117600 2186000 20 1 
7 476 20000 8 9 33 1130000 1322500 25 2 
8 403 31000 9 10 47 2752320 2967040 24 1 
9 178 10000 9 5 25 755000 1000000 30 1 
10 253 14000 8 9 38 1500000 1347238 15 1 
11 207 12000 10 10 19.5 860900 500000 19 2 
12 496 14000 8 8 33 1140600 1100000 20 2 
Table 7.9: DEA inputs and outputs data for 12 schools after change. 
Source: Organised by author 
It is clear from Table 7.8 and 7.9 that the data that is changed are the number of teachers, 
salary bills, capital expenditure, the number of Students per class and the type of Building, 
where some schools have a higher value than the target level and other have a lower value. 
Table 7.10 and 7.11 represents the efficiency scores for 57 schools before and after, using 
the data that is obtained from the weighted goal programming variant. As can be seen in 
Table 7.10 and 7.11, of fifty-seven schools, 27 schools were determined to be efficient in 
the original data, while after re-analysis 38 schools were determined to be efficient. This 
shows that the relative proportion of efficiency across all schools has improved. The 
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average technical efficiency also improved, in the original data it was 0.904 and after the 
change is 0.949. As is obvious from the two tables, 11 schools moved to be fully efficient 
while the relative proportion of efficiency for 15 schools has improved.  
From the twelve schools that participated in improving their performance by using goal 
programming models which they are highlighted in bold, four of them were inefficient in 
DEA analysis, however, after re-analysing using the data from the weighted GP variant two 
of them appeared efficient except one school where the relative proportion of efficiency 
increased from 0.893 to 0.922.  
 
Table 7.10: DEA efficiency score     Table 7.11: DEA efficiency score after re-analysing 
Source: Organised by author     Source: Organised by author 
 
school Technical 
efficiency 
school Technical 
efficiency 
1 1.000 32 1.000 
2 0.846 33 1.000 
3 0.597 34 0.683 
4 1.000 35 0.793 
5 0.865 36 1.000 
6 1.000 37 1.000 
7 1.000 38 0.919 
8 1.000 39 1.000 
9 1.000 40 0.768 
10 0.858 41 0.873 
11 0.863 42 1.000 
12 0.693 43 1.000 
13 0.832 44 1.000 
14 1.000 45 0.888 
15 0.884 46 0.959 
16 0.640 47 1.000 
17 0.774 48 1.000 
18 0.608 49 1.000 
19 0.909 50 1.000 
20 0.916 51 1.000 
21 0.756 52 1.000 
22 1.000 53 1.000 
23 1.000 54 0.900 
24 1.000 55 1.000 
25 0.884 56 0.748 
26 0.777 57 0.893 
27 1.000 
28 0.706 
29 0.971 
30 0.742 
31 0.983 
school Technical 
efficiency 
school Technical 
efficiency 
1 1.000 32 1.000 
2 1.000 33 1.000 
3 0.595 34 1.000 
4 1.000 35 0.924 
5 1.000 36 1.000 
6 1.000 37 1.000 
7 1.000 38 1.000 
8 1.000 39 1.000 
9 1.000 40 0.855 
10 0.874 41 1.000 
11 0.898 42 1.000 
12 0.821 43 1.000 
13 0.840 44 1.000 
14 1.000 45 1.000 
15 0.985 46 1.000 
16 0.700 47 1.000 
17 0.846 48 1.000 
18 0.618 49 1.000 
19 0.992 50 1.000 
20 1.000 51 1.000 
21 1.000 52 1.000 
22 1.000 53 1.000 
23 1.000 54 0.900 
24 1.000 55 1.000 
25 1.000 56 1.000 
26 0.777 57 0.922 
27 1.000 
28 0.733 
29 0.971 
30 0.832 
31 0.992 
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7.4.2 Summary of Re-Analysis by DEA Using GP Improvement 
Data 
This section specifically focused on a re-analysis of the efficiency, by using DEA to examine 
the data set to enhance schools performance after using the weighted goal programming 
variant. This section also investigates how efficient the schools are after the improvement 
– there are only twelve schools out of 57 included in the improvement performance due to 
the availability of the data.   
 
 
Figure 7.1: efficiency score of private schools 
Source: Organised by author 
 
 
 
 
The two charts represent the summary of the relative proportion of efficiency before and 
after the improvement. As is clear from the two charts, approximately 66% of schools are 
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Figure 7.2: efficiency score of private schools after using GP improvement data 
Source: Organised by author 
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fully efficient after using the new data, while around 47% of them were efficient using the 
original data, which means that around 19% of schools have increased the relative 
proportion of their efficiency after the improvement data. 
 
7.5 Conclusion 
In this chapter, the GP models were utilised in order to enhance the performance of private 
schools in Saudi Arabia. The key decision makers provided the information regarding the 
values of the data that related to the objectives of improving the performance. After the 
orientation of the models were completed, the set of optimal solutions were received for 
each individual school. The weight of the objective function was driven from using AHP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3: The methodology of this chapter 
Source: Organised by author 
 
 
 By using goal programming, the educational administrators can be provided with some 
suggestion as to the extent to which they can accomplish their objectives under the existing 
circumstances, as well as the adjustments in the input and output rates necessary to make 
feasible the achievement of those objectives, that cannot be achieved otherwise 
(Papageorgiou, 1978).  
Efficiency enhancement process: 
Using GP variants for the 
purpose of the improvement 
Analysing the result that is 
obtained from DEA 
Checking the adjustments in the 
data that relates to the inputs in 
DEA 
Re- analysing DEA to investigate 
the efficiency improvement 
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As it is observed from the numerical results, there are some changes in the value of the 
data for the schools to enhance their performance. The data that is changed is taken to 
examine the efficiency of these adjustments by re-analysing DEA using the data that is 
obtained from the weighted GP variant. Figure 7.3 presents the methodology that is 
introduced in this chapter. From the results that are obtained by the re- analysis, there are 
an increase in the efficiency among all schools and especially in the twelve schools where 
the GP models are used to enhance their performance. In order to provide the decision 
makers with multiple solutions to choose the best that suit with their abilities and 
availability of the resources in their schools, weight sensitivity analysis will be utilised in the 
next chapter. 
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Chapter 8 Weight Sensitivity analysis 
Introduction 
The previous chapter provided the formulation and solution of three goal-programming 
(GP) variants for school efficiency enhancement, applied in 12 schools from the sample. 
The aim of this chapter is to present the method of using weight sensitivity analysis, which 
can be used to provide the decision makers with multiple solutions in order to check that 
their weights derived from the AHP process are preferentially accurate with respect to the 
actual solution found in decision and objective space. Furthermore, the weight sensitivity 
analysis will allow the decision maker to see a range of solutions within their preferential 
boundaries and the trade-offs between them. This chapter will first introduce an algorithm 
for finding weight sensitivity analysis which is presented by Jones (2011). The next section 
will then present the experimental analysis. The results will be shown by selecting three 
out of twelve case studies (the rest can be seen in Appendix H). 
 
8.1 Algorithm for Finding Weight Sensitivity Analysis 
Sensitivity analysis is one of the tools that helps decision makers by providing multiple 
solutions to a problem. It provides further insight into the dynamics of the model. As it 
stated by Ignizio (1982), there are seven types of adjustments that can be implemented as 
a part of sensitivity analysis in GP: 
1. Changes in the weighting at a priority level 
2. Changes in the weighting of deviation variables within a priority level 
3. Changes in the right-hand-side value 
4. Changes in technologies coefficients 
5. Changes in the number of goals 
6. Changes in the number of decision variables 
7. Reordering lexicographic priorities 
Sensitivity analysis will be carried out in this study by changing the unwanted deviation 
weights (ui and vi) in the weighted goal programming variant, where these weights were 
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obtained according to the decision makers preferences of the objectives – these weights 
were found by utilising AHP analysis. 
The algorithm that will be used to find the weight sensitivity analysis is the algorithm that 
is presented by  Jones (2011). This is chosen due to its ease of use and implementation, the 
fact that it does not require excessive further interaction with the decision maker, and that 
it has been specifically designed for the goal programming technique. Jones (2011) states 
that this algorithm has been revealed to be influential in restricting the investigation to the 
fraction of weight space of possible priority preference to the decision maker, and giving a 
different number of solutions within that space. From these solutions, the decision maker 
can investigate the strengths and weaknesses, or use these solutions as the input to a 
separate option or classifying method to decide which solution to employ. The algorithm 
will be illustrated on the weighted goal programming model. The generic form of the 
weighted goal programme has the following algebraic structure: 
MIN z =  (
uini
bi
+
vipi
bi
)ni=1     (29) 
Subject to (1),.., (23) 
Where: 
ni = Negative deviational variable 
pi = Positive deviational variable 
bi is a target value for goal i, 
ui is the negative deviation weight associated with the i’th objective (derived from the AHP 
analysis). 
vi is the positive deviation weight associated with the i’th objective (derived from the AHP 
analysis). 
Where ui or vi are set equal to zero if the corresponding deviational variable is not 
unwanted 
                        i = 1,… 6, and 10, … ,14   
 if the school has only bachelor and above qualification 
 i = 1,… 14  
 if the school has Diploma and Bachelor (and above) qualification 
 
Where the weights presented are introduced in the Table 8.1. This are transformed from 
dual indices (u,v) into a single index w in order to facilitate the implementation of the 
algorithm. 
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Dual index weight Single index weight 
u1 w1 
u2 w2 
v3 w3 
v4 w4 
v5 w5 
v6 w6 
Table 8.1: definition of weight presented in Table 8.2 
Source: Organised by author 
 
The weighting coefficients have been grouped into six sets of interest to the decision 
maker: giving teachers a fair salary(w1), owning the school building(w2), improving the 
class size(w3), improving the ratio of teacher to students(w4), giving teachers regular 
professional training (w5)and the budget goal(w6). 
 
Figure 8.1: weight sensitivity algorithm (Jones, 2011) 
Source: Jones, 2011 
 
Figure 8.1 gives the weight sensitivity algorithm of Jones (2011); weight sensitivity analysis 
is performed with the full set of input weights as presented in Table 8.2. For school 1, the 
following preference restrictions are applied, as decision makers wish to examine solutions 
that are not heavily biased to a single objective. 
Select initial starting point 
Let S = ø 
Let w = Initial set of weights 
Add [Solve WGP (w)] to S 
For n = 1 to TMax 
For each subset T∗of deviations of cardinality n 
Form new vector w∗ by: 
Calc_Max (T∗,max_weight_vector) 
Set w = max_weight_vector 
If [Solve WGP (w)] is not is S then add [Solve WGP 
(w)] to S 
Let w = w_low, w∗= w_up 
Examine_Weight_Line (w_low, w_up, 1) 
End_For 
Next n 
End 
Subroutine Examine_Weight_Line (w_low, w_ up, level) 
If [Solve WGP (w_low)] = [Solve WGP (w_up)] then EXIT 
If level > max_level then EXIT 
Form a new weight vector w_mid by setting the 
weight of each deviation to (w_low + w_up)/2 
If x∗ of [Solve WGP (w_mid)] is not in S then add [Solve 
WGP (w_mid)] to S 
Examine_Weight_Line (w_low, w_mid, level + 1) 
Examine_Weight_Line (w_mid, w_up, level + 1) 
End 
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1. One weight is raised to be 0.5 each time and the others are modified according to 
the change, except for w6 which is raised to be 0.75 as the original weight is 0.5. 
The midpoint is then calculated for each weight. 
2. Two weights are raised simultaneously to be 0.498 each time and the others are 
modified according to the change and the midpoint is calculated for each pair of 
weights. 
In other words, the parameter setting of TMax = 2 and Max_Level = 1 are used. The above 
two scenarios and their midpoints are presented in Table 8.2 for school 1 as an example. 
The above reasoning leads to the investigation of the six-dimensional weight space 
limited by the restriction:                   
wi ≤ 0.5     i = 1, . . ,5    and   w6 ≤ 0.75 
The initial set of weights wi, i = 1, . . ,6    are the same as those derived from the AHP 
analysis in Chapter 6. The input parameter and weight restriction set are chosen so as to 
give sufficient examination of the weight space, while limiting the number of optimisations 
to a reasonable level. In total 42 optimisations are undertaken for each school investigated. 
 
S1 W1 W2 W3 W4 W5 W6 
initial 0.120 0.170 0.030 0.050 0.160 0.500 
Raise W1 0.500 0.073 0.013 0.022 0.069 0.216 
W1 Midpoint 0.310 0.122 0.021 0.036 0.115 0.358 
Raise W2 0.048 0.500 0.012 0.020 0.064 0.199 
W2 Midpoint 0.084 0.335 0.021 0.035 0.112 0.349 
Raise W3 0.058 0.082 0.500 0.024 0.078 0.242 
W3 Midpoint 0.089 0.126 0.265 0.037 0.119 0.371 
Raise W4 0.057 0.081 0.014 0.500 0.076 0.237 
W4 Midpoint 0.088 0.125 0.022 0.275 0.118 0.368 
Raise W5 0.049 0.069 0.012 0.020 0.500 0.202 
W5 Midpoint 0.084 0.119 0.021 0.035 0.330 0.351 
Raise W6 0.060 0.085 0.015 0.025 0.080 0.750 
W6 Midpoint 0.090 0.128 0.023 0.038 0.120 0.625 
       
Raise W1,W2 0.498 0.498 0.001 0.001 0.001 0.001 
Midpoint W1,W2 0.309 0.334 0.0155 0.0255 0.0805 0.2505 
Raise W1,W3 0.498 0.001 0.498 0.001 0.001 0.001 
Midpoint W1,W3 0.309 0.0855 0.264 0.0255 0.0805 0.2505 
Raise W1,W4 0.498 0.001 0.001 0.498 0.001 0.001 
Midpoint W1,W4 0.309 0.0855 0.0155 0.274 0.0805 0.2505 
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Raise W1,W5 0.498 0.001 0.001 0.001 0.498 0.001 
Midpoint W1,W5 0.309 0.0855 0.0155 0.0255 0.329 0.2505 
Raise W1,W6 0.498 0.001 0.001 0.001 0.001 0.498 
Midpoint W1,W6 0.309 0.0855 0.0155 0.0255 0.0805 0.499 
       
Raise W2,W3 0.001 0.498 0.498 0.001 0.001 0.001 
Midpoint W2,W3 0.0605 0.334 0.264 0.0255 0.0805 0.2505 
Raise W2,W4 0.001 0.498 0.001 0.498 0.001 0.001 
Midpoint W2,W4 0.0605 0.334 0.0155 0.274 0.0805 0.2505 
Raise W2,W5 0.001 0.498 0.001 0.001 0.498 0.001 
Midpoint W2,W5 0.0605 0.334 0.0155 0.0255 0.329 0.2505 
Raise W2,W6 0.001 0.498 0.001 0.001 0.001 0.498 
Midpoint W2,W6 0.0605 0.334 0.0155 0.0255 0.0805 0.499 
       
Raise W3,W4 0.001 0.001 0.498 0.498 0.001 0.001 
Midpoint W3,W4 0.0605 0.0855 0.264 0.274 0.0805 0.2505 
Raise W3,W5 0.001 0.001 0.498 0.001 0.498 0.001 
Midpoint W3,W5 0.0605 0.0855 0.264 0.0255 0.329 0.2505 
Raise W3,W6 0.001 0.001 0.498 0.001 0.001 0.498 
Midpoint W3,W6 0.0605 0.0855 0.264 0.0255 0.0805 0.499 
       
Raise W4,W5 0.001 0.001 0.001 0.498 0.498 0.001 
Midpoint W4,W5 0.0605 0.0855 0.0155 0.274 0.329 0.2505 
Raise W4,W6 0.001 0.001 0.001 0.498 0.001 0.498 
Midpoint W4,W6 0.0605 0.0855 0.0155 0.274 0.0805 0.499 
       
Raise W5,W6 0.001 0.001 0.001 0.001 0.498 0.498 
Midpoint W5,W6 0.0605 0.0855 0.0155 0.0255 0.329 0.499 
Table 8.2: weight sensitivity analyses for school 1 
Source: Organised by author 
 
 
Varying the value of w1, w2… w6 leads to some changes in the inputs of the objectives that 
allows the decision maker to control the classification policy. 
 
8.2 Experimental analysis  
This section describes the results of the weight sensitivity analyses. A total of 42 weighted 
goal programmes are solved using LINGO (2008). The results will be shown by selecting 
three representative schools from the twelve. The chosen schools have more 
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representative and interesting trade-offs than the others schools and hence used to future 
the discussion of the results. (The rest can be seen in Appendix H). Degenerate solutions, 
with salaries less than 250 Riyals, have been removed from the tables. 
 
 
Table 8.3: Result of applying weight sensitivity analysis to school 3 after the reduction of the budget 
Source: Organised by author 
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Table 8.3 shows the result of weight sensitivity analysis for school 3 after the budget is 
adjusted in order to attempt to restore efficiency. There are eight distinct solutions and the 
first occurrence of each solution is highlighted in bold. As is obvious from all the different 
solutions in Table 8.3, a trade-off exists between the objectives. In the results of solution 3 
the budget increase as the owning the building goal has been met, whereas in solution 11 
the budget decreases as the class size increases. The eight distinct solutions are considered 
an appropriate number to put forward to the decision maker for further consideration and 
choice in this case. As can be seen from the result number 1, it is the same as the original 
weights in the weighted goal programming variant and also the same as the Chebyshev and 
Extended goal programming variants. 
 126 
 
 
Table 8.4: Result of applying weight sensitivity analysis to school 7  
Source: Organised by author 
 
Table 8.4 shows the result of weight sensitivity analysis for school 7. There are four distinct 
solutions and the first occurrence of each solution is highlighted in bold. It is obvious from 
all the different solutions in Table 8.4 that, a trade-off exists between the class size, the 
ratio of students to a teacher, training course and the budget goals. The four distinct 
solutions are considered an appropriate number to put forward to the decision maker for 
further consideration and choice in this case. The result that appears under solution 30 is 
the same as the result that is obtained from the Chebyshev GP variant, whereas the result 
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that is in solution 1 is the same as the result of the original weights of the Weighted variant 
and the same as the Extended goal programming variant result. 
 
Table 8.5: Result of applying weight sensitivity analysis to school 9 after the reduction of the budget 
Source: Organised by author 
 
Table 8.5 shows the result of weight sensitivity analysis for school 9. There are ten distinct 
solutions and the first occurrence of each solution is highlighted in bold. As is clear from 
Table 8.5, a trade-off exists between the objectives where in the result of solution 2 an 
increase in the salary goals and the training course lead to an increase in the budget 
S
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whereas in solution 21 the budget remains the same with an increase in the salary goals 
but with an increase in the ratio of students to a teacher. These four distinct solutions are 
considered an appropriate number to put forward to the decision maker for further 
consideration and choice in this case. Solution 1 is the same as the result of the original 
weights of the weighted variant. 
 
8.3 Conclusion  
In this chapter, the sensitivity analysis is conducted on the weights specifically focused on 
finding further solutions for the decision makers. The proposed methodology helps 
decision makers to systematically identify the best solution that best suits their school. The 
algorithm that is used to calculate the weight sensitivity analysis is the algorithm that is 
presented by Jones (2011). The weight sensitivity analysis is applied in the weighted goal 
programming variant for twelve schools. From the numerical results, there are some 
schools that do not produce additional solutions such as 1, 2, 8 and 10, whereas other 
schools have a set of distinct solutions. This is due to the limitation of decision space for 
the schools that do not have a large number of distinct solution. All the distinct solutions, 
that are in accord with their preferences, are considered an appropriate number to put 
forward to the decision makers to reach a solution which is more suitable to the decision 
maker. 
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Chapter 9 Conclusion and Recommendation 
This final chapter provides conclusions of this study which are drawn from analysis of the 
models and the implications of the research. The chapter is organised into five sections: 
Section 1 summaries the conclusion, related back to the original research objectives raised 
in Chapter 1. The research findings are explained in section 2. In section 3, the major 
contributions of this study are discussed. The limitations and suggestions for further 
research are explained in section 4. The final section discusses the feedback gained from 
participating schools. 
 
9.1 Summary of Study 
In general, this PhD research aims to contribute towards enhancing the educational sector 
and hence inform the policy decisions of the Saudi government and their key educational 
decision makers. The research first critically evaluates the schools’ efficiency. The research 
then analyses the possible actions and restrictions that associated with the enhancement 
of the schools. Operational Research (OR) models were undertaken to measure 
efficiencies, and suggest improvements, of some Saudi private schools whose data could 
be obtained in order to serve as case studies. 
The research starts with a literature review of the models that are utilised in the context of 
education. The multiple objectives, constraints, goals, inputs and outputs involved are 
systematically classified. Data for analysis is gathered relevant to school performance. Case 
studies are developed. These case studies are then analysed by utilising OR models. An 
Algebraic model is formulated with the techniques of: Data Envelopment Analysis (DEA), 
Analytical Hierarchy Process (AHP), and Goal programming (GP). The experiments suggest 
enhancements in the decision-making process, and some multiple possible solutions are 
provided by using weight sensitivity analysis in order to inform the decision makers. 
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9.2 Research Findings 
Revisiting the proposed research objectives in Chapter 1, the following section presents a 
brief summary of the key findings in accordance with each of the individual research 
objectives. 
 The first is ‘To provide a methodological framework which assists in enhancing the 
performance of private schools’. 
The research has considered the factors that influence the evaluation of schools in Saudi 
Arabia, in order to identify the inputs and outputs of the efficiency analysis – this was based 
on three factors. First, the most effective variables of the performance from previous 
empirical studies. Second, the main features of the efficiency assessment in private Saudi 
schools. Finally, the availability of data, and the ease of obtaining the inputs and outputs, 
for all the case studies. Then the criteria that were associated with the enhancement 
objectives was confirmed by contacting school managers. The effect of the criteria for the 
efficiency in schools is discussed, and the impact of each factor that enhances school 
performance is presented. After all the factors that influence the efficiency of Saudi schools 
are understood, a review of conceptual and methodological issues for the approaches, that 
assist the enhancement of efficiency in general, and in context of education specifically, 
were identified. It was found that Operational Research (OR) had made a vital contribution 
in context the education planning. 
The Second is ‘To critically apply operational research models to the case studies in order 
to identify the key decisions of the school owners, and in order to measure the efficiency 
of the schools. 
In this thesis, mathematical models were formulated and sequentially used as follows:  
Data Envelopment Analysis (DEA) was used for measuring an efficiency regarding school 
performance. The Analytical Hierarchy Process (AHP) was used for ranking the priorities of 
the objectives of improving the performance.  Goal programming (GP) was undertaken for 
finding solutions for school efficiency enhancement. This was followed by Weight 
Sensitivity Analysis for providing the decision makers with multiple solutions to choose the 
best that suit with their abilities and the availability of the resources in their schools. 
The third is ‘To develop suggestion solutions for improving the performance, that supports 
policy decisions for key decision makers in Saudi private schools. 
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To achieve this goal, the experimental processes have to be examined, which are as follows: 
efficiency analysis using Data Envelopment Analysis (DEA), decision-making analysis using 
the Analytic Hierarchy Process (AHP), solving inconsistencies in pairwise comparisons from 
AHP. And finally, the set of solutions for the key decision makers is proposed by using Goal-
Programming. 
The fourth is ‘To investigate the usefulness of the methodological framework in boosting 
the efficiency of private schools’ 
In order to examine the value of the solution that was obtained by using GP, DEA is used to 
re-analyse the data obtained from a weighted GP variant in the aim of measuring the 
efficiency of the school that is a case study for performance enhancement and how the 
change in efficiency of these schools effects the efficiency status and level of the others.  
 
9.3 Research Contributions 
The basic of the proposed research contributions are discussed in this part where this study 
has various contributions associated with Research objectives in Chapter 1.  
Research Contribution 1. (derived from objective 1): Specifically, at first, it adds to the 
literature on performance enhancement in context of education. A comprehensive review 
of relevant literature reveals that research on school performance enhancement was in 
general, very limited. Secondly, it provides a better understanding of the factors that affect 
the efficiency of schools in general and in Saudi Arabia specifically. This contribution helps 
us to understand the importance of critical research, which aims to provide strategic 
suggestions that the schools can use for performance enhancement. 
Research Contribution 2. (derived from objective 2): the second contribution provides us 
with a technical method to find a solution for the existing problems. Firstly, DEA was 
utilised to identify the technical efficiency level regarding performance of the schools. A 
key advantage of this analysis is to provide key decision makers with a clear vision to take 
into account the weakness and strength of the main factors in school efficiency (see the 
summary diagram of the efficiency scores of schools in Figure 9.1) 
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Figure 9.1: efficiency score of private schools 
Source: Organised by author 
 
Secondly, AHP is utilised to rank the importance of the criteria for improving the 
performance, which is then analysed by using the goal programming approach (GP). The 
result of AHP presents that key decision makers from each school have their own personal 
preferential of the criteria. Therefore, different weighting schemes based on AHP 
questionnaires are used. Thirdly, the AHP findings must be examined by considering the 
Consistency Index (CI) and Consistency Ratio (CR) values, which should be less than 0.1 
(10%). For tackling the issue of inconsistency, a specific Goal Programming model was used 
as an effective tool. After addressing those inconsistent AHP matrices, the CR values had 
become less than 0.1 (10 %) which is acceptable (see the example in Table 9.1). 
 
 Original weights Adjusted weights 
Giving teacher fair salary 0.273 0.379 
Owning the school building 0.055 0.141 
Improving class size 0.385 0.154 
Improving the ratio of teacher to 
students 
0.142 0.054 
Giving teachers regular 
professional training 
0.144 0.271 
CR 0.66 0 
Table 9.1: The summary table of the adjusted consistency ratios for school 6 
Source: Organised by author 
 
Fourthly, in order to enhance the efficiency of the schools, the developed GP models were 
utilised. This study provides a set of various solutions for school performance enhancement 
based on the policy of key decision makers. 
0
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Research Contribution 3. (derived from objective 3): the third contribution is to provide 
solutions to improve the performance of private schools, where Goal programming models 
were analysed, in order to boost the efficiency of the schools. There were three specific GP 
models used for analysis as follows; Weighted, Chebyshev, and Extended. In addition, 
various solutions were presented using weight sensitivity analysis. This can be used to 
provide the decision makers with multiple solutions to choose the best that suits with their 
abilities and the availability of the resources in their schools. It can be concluded with 
example school 11 that has multiple solutions, (where there are six suggested solutions in 
total), that school 11 might be considered to follow those recommended solutions in order 
to enhance their efficiency.  
Research Contribution 4. (derived from objective 4): the fourth contribution is to 
investigate the value of the suggested solutions in weighted GP variant, by re-analysing the 
technical efficiency of the schools using DEA a second time. This is a novel methodology, as 
DEA has not been applied a second time for the purpose of validating GP results in the 
literature. This analysis helps to examine the efficiency of the results that were obtained 
from the weighted GP model. This shows that the relative proportion of efficiency across 
all schools has improved. The average technical efficiency also improved. 
 
9.4 Limitations and Suggestions for Further Research 
There are various opportunities for this study to be a template for future research in the 
evaluation of school efficiency, which can be recognised by the limitation of this study.  
Firstly, the case study for this research contains 57 schools for efficiency evaluation, and 12 
schools for performance enhancement, out of over four hundred schools from the Riyadh 
district. Future research can attempt to expand the number of participants, which may 
assist in improving the validity and reliability of the results, or the solution may have variant 
results or concepts.  In addition to the research results, specific variables could be used in 
the efficiency assessment, to obtain results that are more accurate. Among the variables 
that could be used as an output are standardized achievement or examination results –this 
study could not obtain these outputs because they were not available. 
Secondly, goal programming has been presented as an attractive and flexible method for 
formulation and incorporates decision maker preferences and philosophies to the school 
performance. Goal programming is also often utilised as part of a large decision support 
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system in integration with other MCDM techniques, and other OR techniques. However, 
this study only applied two other OR techniques; AHP and DEA. School efficiency can be 
improved from different perspectives by considering further combined research methods. 
Finally, only one approach for assigning weights was described in this study. There are other 
qualitative approaches that could be utilised to construct the priority level of each variable, 
and there are other methods for determining weights which may be investigated. 
 
9.5 Feedback from schools 
The methodology framework of this study provides a valuable recommendation to 
educational decision makers in order to enhance the efficiency of their schools. Therefore, 
the findings of this research are summarised in point of recommendation to each school, 
which could be contacted by the researcher, to obtain their feedback about the 
recommendations and whether they would like to implement the findings and their 
reasons for doing so. According to the school manager responses, most of them agree to 
implement the recommendation if they have the opportunity to do so by receiving the 
stockholders’ approval. Increasing the teacher salary is one of factors for enhancing the 
efficiency of private schools in all of the samples. Various schools agree to this 
recommendation for the following reasons: that this will motivate them to work harder, a 
kind of stimulus, help them to be able to face the demands of daily life, to improve the 
private education sector, and be equal to the public sector in the salary payment. However, 
other schools do not agree and state their reason as they consider the salary to be quite 
appropriate and even better when compared with other schools.  
Decreasing the number of students in class is another point for improving the performance 
of schools, various schools agree to this point for the following reasons: that this will 
motivate the teachers to increase their performance in the classroom and also there is a 
direct relation between the number of students and the creativity of the teachers. 
However, there is disagreement because the number of students in class is appropriate 
with the size of the class. There is a complete refusal with regards to decreasing the school 
budget because there is a need for more to cover the demand of educational resources, or 
it is regarded as a reasonable budget. Equally, training and school building enhancements 
were seem to be dependent on sufficient budget being available. The above are the initial 
responses of school managers when presented with the results of the research. In common 
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with most operational research studies, the result of implementing the changes needs to 
be monitored over a longer implementation period listing several years. The author intends 
to conduct this task, supported by the Saudi ministry of education and her university of 
Portsmouth, supervisory team. 
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Appendices 
Appendix A 
DEA Questionnaire 
 
 
The questionnaire used for research only 
Study Title: Efficiency analysis and performance evaluation of private schools 
in The Kingdom of Saudi Arabia 
REC Ref No:    
Dear Potential Participant:  
I would like to invite you to participate in a research study of the efficiency analysis and 
performance evaluation of private schools in the Kingdom of Saudi Arabia. I am PhD 
student at the University of Portsmouth in the mathematics department. The purpose of 
this questionnaire is to be used as a part of a PhD research study to help the development 
of private education by supporting decision makers in private schools. The results will be 
used to suggest improvements in the decision making process. The aggregate results of the 
questionnaire will be used for data analysis in my PhD. thesis. However, no individual 
school will be identified by name. 
Thank you for your cooperation 
…………………………………………… 
(Tahani Alzkari) 
1023594847 
PhD student, Department of 
Mathematics 
University of Portsmouth 
00447404713186 (United Kingdom) 
Email contact: 
Tahani.alzkari@port.ac.uk 
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0 10 
10 0 
Section 1: 
Data Envelopment Analysis (DEA) Questions. 
- School’s name (optional): ……………………………………………………………. 
Q1- Do you want your school to remain anonymous?        Yes       No 
Q2- Is your school’s building 
 Rented 
Owned 
Other (please specify: ……………………………………………………………………….)? 
Q3- How many teachers are there in your school? …………………………. 
Q4- How many administration staff are there in your school? …………………… 
Q5- How much salary do you pay for a teacher who has: 
- Diploma: ………………   - Degree: ………………………… 
- Masters: ……………………….  - PHD: ………………………. 
Q6- How much salary do you pay for an administrative staff member who has a: 
- High school: ………………….  - Diploma: ……………………… 
- Degree: …………………………  - Masters: ………………………. 
Q7- How many students are there in your school?................................. 
Q8- How many students are in each class?...................................... 
Q9- How much is the standard student fee is at your school?............................... 
Q10- How much is your annual level of expenditure?................................ 
Q11- Please indicate how you feel about these factors of your school 
Q11-1 Education quality 
  
          
          
  Poor          Average          Excellent 
 
Q11-2 Services provided 
 
 
           
           
  Poor          Average          Excellent 
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Appendix B 
AHP Questionnaire 
 
 
The questionnaire used for research only 
 
Study Title: Efficiency analysis and performance evaluation of private schools 
in The Kingdom of Saudi Arabia 
 
REC Ref No:    
Dear Potential Participant:  
I would like to invite you to participate in a research study of the efficiency analysis and 
performance evaluation of private schools in the Kingdom of Saudi Arabia. I am PhD 
student at the University of Portsmouth in the mathematics department. The purpose of 
this questionnaire is to be used as a part of a PhD research study to help the development 
of private education by supporting decision makers in private schools. The results will be 
used to suggest improvements in the decision making process. The aggregate results of the 
questionnaire will be used for data analysis in my PhD. thesis. However, no individual 
school will be identified by name. 
Thank you for your cooperation 
…………………………………………… 
(Tahani Alzkari) 
1023594847 
PhD student, Department of 
Mathematics 
University of Portsmouth 
00447404713186 (United Kingdom) 
Email contact: 
Tahani.alzkari@port.ac.uk 
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Questionnaire for PhD thesis 
 
Ratio scale of comparative judgments of private schools. 
 
- School’s name (optional): ……………………………………………………………. 
Q- How much is your budget in each of these? 
- School building: ………………….   
- Training courses of a teacher: …………………………  
Q- How much is your total annual budget?......................... 
Remark: Please compare the two options on the left and right, then place only one √ in 
which level you give priority from level 1-9. 
Definition: 1= Equally important 3= Moderate 5= Strong Importance 
  7= Very Strong Importance 9= Extreme Importance 
Sample: 
Which of these two criteria elements is of greater importance (priority) to you in the 
appropriate improvement policy selection and how much? 
Giving  teachers fair salary  Owning the school building 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
√                 
Signifies: Giving teachers fair salary is extremely more important than Owning the school 
building. 
Giving  teachers fair salary  Owning the school building 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
Giving  teachers fair salary  Improving class size 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
Giving  teachers fair salary  Improving the ratio of teacher to 
students 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
 
 150 
 
Giving  teachers fair salary  Giving teachers regular professional 
training 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
Owning the school building  Improving class size 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
Owning the school building  Improving the ratio of  teacher to 
students 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
 
Owning the school building  Giving teachers regular professional 
training 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
Improving class size  Improving the ratio of teacher to 
students 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
Improving class size  Giving teachers regular professional 
training 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
                 
 
Improving the ratio of  teacher to 
students 
 Giving teachers regular professional 
training 
9  8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
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10 0 
Q: How confident are you in your judgements given above? 
 
 
          
          
 Not at all confident            Extremely confident
 152 
 
 
Appendix C 
AHP Results 
 
School 1 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 1 5 1 1 0.225 3 
0.102 0.09 
Owning the 
school building 
1 1 7 6 1 0.326 1 
Improving 
class size 
1/5 1/7 1 1 1/5 0.055 5 
Improving the 
ratio of 
teacher to 
students 
1 1/6 1 1 1/6 0.087 4 
Giving 
teachers 
regular 
professional 
training 
1 1 5 6 1 0.306 2 
 
School 2 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 7 5 7 9 0.525 1 
0.492 0.437 
Owning the 
school building 
1/7 1 9 9 5 0.248 2 
Improving 
class size 
1/5 1/9 1 7 9 0.117 3 
Improving the 
ratio of 
teacher to 
students 
1/7 1/9 1/7 1 8 0.051 4 
Giving 
teachers 
regular 
professional 
training 
1/7 1/5 1/9 1/8 1 0.023 5 
 
School 3 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 7 8 8 1/7 0.326 2 
0.704 0.626 
Owning the 
school building 
1/7 1 1/7 6 1 0.087 4 
Improving 
class size 
1/8 7 1 6 1 0.173 3 
Improving the 
ratio of 
teacher to 
students 
1/8 1/6 1/6 1 1/6 0.022 5 
Giving 
teachers 
regular 
professional 
training 
7 1 1 6 1 0.392 1 
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School 4 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 1 1/7 7 5 0.273 2 
0.675 0.600 
Owning the 
school building 
1 1 1/7 1/7 1/7 0.055 5 
Improving 
class size 
7 7 1 1 1 0.385 1 
Improving the 
ratio of 
teacher to 
students 
1/7 7 1 1 1 0.142 4 
Giving 
teachers 
regular 
professional 
training 
1/5 7 1 1 1 0.144 3 
 
School 5 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 1 5 4 4 0.368 1 
0.306 0.272 
Owning the 
school building 
1 1 6 1 1 0.229 3 
Improving 
class size 
1/5 1/6 1 4 1/6 0.085 4 
Improving the 
ratio of 
teacher to 
students 
¼ 1 ¼ 1 1/6 0.073 5 
Giving 
teachers 
regular 
professional 
training 
¼ 1 6 6 1 0.244 2 
 
School 6 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 1 1/5 7 5 0.297 1 
0.742 0.66 
Owning the 
school building 
1 1 1 1/5 1/7 0.09 5 
Improving 
class size 
5 1 1 1 1 0.275 2 
Improving the 
ratio of 
teacher to 
students 
1/7 5 1 1 1/5 0.116 4 
Giving 
teachers 
regular 
professional 
training 
1/5 7 1 5 1 0.222 3 
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School 7 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 9 7 5 5 0.518 1 
0.329 0.292 
Owning the 
school building 
1/9 1 1/5 1/7 1/8 0.024 5 
Improving 
class size 
1/7 5 1 7 1/6 0.127 3 
Improving the 
ratio of 
teacher to 
students 
1/5 7 1/7 1 1/6 0.062 4 
Giving 
teachers 
regular 
professional 
training 
1/5 8 6 6 1 0.269 2 
 
School 8 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 9 8 9 7 0.533 1 
0.747 0.664 
Owning the 
school building 
1/9 1 8 7 1/8 0.147 3 
Improving 
class size 
1/8 1/8 1 7 1 0.082 4 
Improving the 
ratio of 
teacher to 
students 
1/9 1/7 1/7 1 1 0.041 5 
Giving 
teachers 
regular 
professional 
training 
1/7 8 1 1 1 0.197 2 
 
School 9 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 6 1/7 1/6 1/6 0.059 4 
0.384 0.342 
Owning the 
school building 
1/6 1 1/5 1/6 1/7 0.03 5 
Improving 
class size 
7 5 1 1 5 0.417 1 
Improving the 
ratio of 
teacher to 
students 
6 6 1 1 1/6 0.181 3 
Giving 
teachers 
regular 
professional 
training 
6 7 1/5 6 1 0.313 2 
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School 10 
Giving 
teachers a 
fair salary 
Owning 
the school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving teachers 
a fair salary 
1 8 1 1 1 0.244 1 
0 0 
Owning the 
school building 
1/8 1 1/8 1/8 1/7 0.031 5 
Improving class 
size 
1 8 1 1 1 0.244 1 
Improving the 
ratio of teacher 
to students 
1 8 1 1 1 0.244 1 
Giving teachers 
regular 
professional 
training 
1 7 1 1 1 0.237 4 
  
School 11 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 6 1/7 1/6 1/8 0.054 4 
0.279 0.248 
Owning the 
school building 
1/6 1 1/6 1/7 1/9 0.025 5 
Improving 
class size 
7 6 1 5 1/6 0.247 2 
Improving the 
ratio of 
teacher to 
students 
6 7 1/5 1 1/5 0.129 3 
Giving 
teachers 
regular 
professional 
training 
8 9 6 5 1 0.545 1 
 
School 12 
Giving 
teachers a 
fair salary 
Owning 
the 
school 
building 
Improving 
class size 
Improving 
the ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight Rank CI CR 
Giving 
teachers a fair 
salary 
1 1 1 1/8 1/7 0.069 5 
0.270 
0.24 
 
Owning the 
school building 
1 1 1 1 1/7 0.094 4 
Improving 
class size 
1 1 1 1 1 0.165 3 
Improving the 
ratio of 
teacher to 
students 
8 1 1 1 1/7 0.174 2 
Giving 
teachers 
regular 
professional 
training 
7 7 1 7 1 0.498 1 
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Appendix D 
The Revised AHP Results 
The Revised AHP Results of school 2 
{2}   parameters (u) CI CR Average Change Maximum Change 
Original 0.492 0.437 0 0 
0.5,0.5 0 0 1.75 8.44 
0.6,.0.4 0 0 1.75 8.44 
0.7,0.3 0 0 1.75 8.44 
0.8,0.2 0 0 1.75 8.44 
0.85,0.15 0 0 1.75 8.44 
0.9,0.1 0.03 0.026 1.05 7.71 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 7 5 7 9 0.525 
Owning the school building 1/7 1 9 9 5 0.248 
Improving class size 1/5 1/9 1 7 9 0.117 
Improving the ratio of 
teacher to students 
1/7 1/9 1/7 1 8 0.051 
Giving teachers regular 
professional training 
1/7 1/5 1/9 1/8 1 0.023 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 1.8 1 1.13 9 0.281 1 1.8 1 1.13 9 0.281 
0.56 1 0.56 0.625 5 0.156 0.56 1 0.56 0.625 5 0.156 
1 1.80 1 1.13 9 0.281 1 1.80 1 1.13 9 0.281 
0.89 1.60 0.89 1 8 0.250 0.89 1.60 0.89 1 8 0.250 
0.11 0.20 0.11 0.125 1 0.031 0.11 0.20 0.11 0.125 1 0.031 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 1.8 1 1.13 9 0.281 1 1.8 1 1.13 9 0.281 
0.56 1 0.56 0.625 5 0.156 0.56 1 0.56 0.63 5 0.156 
1 1.80 1 1.13 9 0.281 1 1.80 1 1.13 9 0.281 
0.89 1.60 0.89 1 8 0.250 0.89 1.60 0.89 1 8 0.250 
0.11 0.20 0.11 0.125 1 0.031 0.11 0.20 0.11 0.125 1 0.031 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 1.8 1 1.13 9 0.281 1 1.8 1 7 9 0.349 
0.56 1 0.56 0.625 5 0.156 0.56 1 1.29 9 5 0.278 
1 1.80 1 1.13 9 0.281 1 0.78 1 7 9 0.293 
0.89 1.60 0.89 1 8 0.250 0.14 0.11 0.14 1 1.29 0.042 
0.11 0.20 0.11 0.125 1 0.031 0.11 0.2 0.11 0.78 1 0.039 
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The Revised AHP Results of school 3 
{3}   parameters (u) CI CR Average Change Maximum Change 
Original 0.704 0.626 0 0 
0.5,0.5 0 0 1.103 6.67 
0.6,.0.4 0 0 1.438 6.72 
0.7,0.3 0 0 1.434 6.69 
0.8,0.2 0 0 1.432 6.66 
0.85,0.15 0 0 1.431 6.66 
0.9,0.1 0 0 0.873 6.67 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 7 8 8 1/7 0.326 
Owning the school building 1/7 1 1/7 6 1 0.087 
Improving class size 1/8 7 1 6 1 0.173 
Improving the ratio of 
teacher to students 
1/8 1/6 1/6 1 1/6 0.022 
Giving teachers regular 
professional training 
7 1 1 6 1 0.392 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 7 1.33 8 1.45 0.369 1 7 8 8 3.53 0.597 
0.143 1 0.190 1.143 0.208 0.053 0.143 1 1.143 1.143 0.50 0.085 
0.75 5.25 1 6 1.09 0.277 0.125 0.875 1 1 0.44 0.075 
0.125 0.875 0.167 1 0.182 0.046 0.125 0.875 1 1 0.44 0.075 
0.687 4.811 0.916 5.499 1 0.254 0.28 1.98 2.27 2.27 1 0.169 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 7 8 8 3.24 0.588 1 7 8 8 3.01 0.580 
0.143 1 1.143 1.143 0.46 0.084 0.143 1 1.143 1.143 0.429 0.083 
0.125 0.875 1 1 0.41 0.074 0.125 0.875 1 1 0.376 0.072 
0.125 0.875 1 1 0.41 0.074 0.125 0.875 1 1 0.376 0.072 
0.31 2.16 2.47 2.47 1 0.181 0.334 2.33 2.66 2.66 1 0.193 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 7 8 8 2.91 0.576 1 7 1.33 8 1.33 0.364 
0.143 1 1.143 1.143 0.42 0.082 0.143 1 0.143 1.14 0.495 0.063 
0.125 0.875 1 1 0.36 0.072 0.75 7 1 6 1 0.295 
0.125 0.875 1 1 0.36 0.072 0.125 0.875 0.17 1 0.17 0.046 
0.34 2.41 2.75 2.75 1 0.198 0.75 2.02 1 6 1 0.233 
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The Revised AHP Results of school 4 
{4}   parameters (u) CI CR Average Change Maximum Change 
Original 0.675 0.600 0 0 
0.5,0.5 0 0 0.922 6.622 
0.6,.0.4 0 0 0.922 6.622 
0.7,0.3 0 0 0.922 6.622 
0.8,0.2 0 0 0.922 6.622 
0.85,0.15 0 0 0.922 6.622 
0.9,0.1 0.11 0.099 0.519 6.276 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 1 1/7 7 5 0.273 
Owning the school building 1 1 1/7 1/7 1/7 0.055 
Improving class size 7 7 1 1 1 0.385 
Improving the ratio of 
teacher to students 
1/7 7 1 1 1 0.142 
Giving teachers regular 
professional training 
1/5 7 1 1 1 0.144 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 2.65 0.378 0.378 0.378 0.107 1 2.65 0.378 0.378 0.378 0.107 
0.378 1 0.143 0.143 0.143 0.041 0.378 1 0.143 0.143 0.143 0.041 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 2.65 0.378 0.378 0.378 0.107 1 2.65 0.378 0.378 0.378 0.107 
0.378 1 0.143 0.143 0.143 0.041 0.378 1 0.143 0.143 0.143 0.041 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
2.65 7 1 1 1 0.284 2.65 7 1 1 1 0.284 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 2.65 0.378 0.378 0.378 0.107 1 1 0.143 0.724 0.724 0.103 
0.378 1 0.143 0.143 0.143 0.041 1 1 0.143 0.143 0.143 0.050 
2.65 7 1 1 1 0.284 7 7 1 1 1 0.353 
2.65 7 1 1 1 0.284 1.38 7 1 1 1 0.247 
2.65 7 1 1 1 0.284 1.38 7 1 1 1 0.247 
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The Revised AHP Results of school 5 
{5}   parameters (u) CI CR Average Change Maximum Change 
Original 0.306 0.272 0 0 
0.5,0.5 0 0 0.581 3.80 
0.6,.0.4 0 0 0.581 3.80 
0.7,0.3 0 0 0.581 3.80 
0.8,0.2 0 0 0.581 3.80 
0.85,0.15 0 0 0.581 3.80 
0.9,0.1 0.02 0.022 0.376 3 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 1 5 4 4 0.368 
Owning the school building 1 1 6 1 1 0.229 
Improving class size 1/5 1/6 1 4 1/6 0.085 
Improving the ratio of 
teacher to students 
1/4 1 1/4 1 1/6 0.073 
Giving teachers regular 
professional training 
1/4 1 6 6 1 0.244 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 0.83 5 4 0.83 0.260 1 0.83 5 4 0.83 0.260 
1.20 1 6 4.80 1 0.312 1.20 1 6 4.80 1 0.312 
0.20 0.17 1 0.80 0.17 0.052 0.20 0.17 1 0.80 0.17 0.052 
0.25 0.21 1.25 1 0.21 0.065 0.25 0.21 1.25 1 0.21 0.065 
1.20 1 6 4.80 1 0.312 1.20 1 6 4.80 1 0.312 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 0.83 5 4 0.83 0.260 1 0.83 5 4 0.83 0.260 
1.20 1 6 4.80 1 0.312 1.20 1 6 4.80 1 0.312 
0.20 0.17 1 0.80 0.17 0.052 0.20 0.17 1 0.80 0.17 0.052 
0.25 0.21 1.25 1 0.21 0.065 0.25 0.21 1.25 1 0.21 0.065 
1.20 1 6 4.80 1 0.312 1.20 1 6 4.80 1 0.312 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 0.83 5 4 0.83 0.260 1 1 5 4 1 0.282 
1.20 1 6 4.80 1 0.312 1 1 6 2.32 1 0.269 
0.20 0.17 1 0.80 0.17 0.052 0.20 0.17 1 1 0.17 0.055 
0.25 0.21 1.25 1 0.21 0.065 0.25 0.43 1 1 0.17 0.072 
1.20 1 6 4.80 1 0.312 1 1 6 6 1 0.321 
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The Revised AHP Results of school 6 
{6}   parameters (u) CI CR Average Change Maximum Change 
Original 0.742 0.66 0 0 
0.5,0.5 0 0 1.224 6 
0.6,.0.4 0 0 1.224 6 
0.7,0.3 0 0 1.224 6 
0.8,0.2 0 0 1.224 6 
0.85,0.15 0 0 1.184 5.07 
0.9,0.1 0.19 0.17 0.549 4.14 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 1 1/5 7 5 0.297 
Owning the school building 1 1 1 1/5 1/7 0.09 
Improving class size 5 1 1 1 1 0.275 
Improving the ratio of 
teacher to students 
1/7 5 1 1 1/5 0.116 
Giving teachers regular 
professional training 
1/5 7 1 5 1 0.222 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 2.65 2.65 7 2.65 0.439 1 2.65 2.65 7 2.65 0.439 
0.38 1 1 2.65 1 0.166 0.38 1 1 2.65 1 0.166 
0.38 1 1 2.65 1 0.166 0.38 1 1 2.65 1 0.166 
0.14 0.378 0.378 1 0.378 0.063 0.14 0.378 0.378 1 0.378 0.063 
0.378 1 1 2.65 1 0.166 0.378 1 1 2.65 1 0.166 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 2.65 2.65 7 2.65 0.439 1 2.65 2.65 7 2.65 0.439 
0.38 1 1 2.65 1 0.166 0.38 1 1 2.65 1 0.166 
0.38 1 1 2.65 1 0.166 0.38 1 1 2.65 1 0.166 
0.14 0.378 0.378 1 0.378 0.063 0.14 0.378 0.378 1 0.378 0.063 
0.378 1 1 2.65 1 0.166 0.378 1 1 2.65 1 0.166 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 2.70 2.45 7 1.40 0.379 1 1.19 1.17 7 1.40 0.298 
0.37 1 0.91 2.59 0.52 0.141 0.84 1 0.98 0.71 0.14 0.110 
0. 41 1.097 1 2.84 0.57 0.154 0.86 1.02 1 1 1 0.166 
0.14 0.39 0.35 1 0.20 0.054 0.14 1.40 1 1 0.20 0.090 
0.714 1.93 1.76 5 1 0.271 0.71 7 1 5 1 0.335 
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The Revised AHP Results of school 7 
{7}   parameters (u) CI CR Average Change Maximum Change 
Original 0.329 0.292 0 0 
0.5,0.5 0 0 1.403 6.29 
0.6,.0.4 0 0 1.060 5.67 
0.7,0.3 0 0 1.060 5.67 
0.8,0.2 0 0 1.060 5.67 
0.85,0.15 0 0 0.975 5.2 
0.9,0.1 0.004 0.003 0.848 6 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 9 7 5 5 0.518 
Owning the school building 1/9 1 1/5 1/7 1/8 0.024 
Improving class size 1/7 5 1 7 1/6 0.127 
Improving the ratio of 
teacher to students 
1/5 7 1/7 1 1/6 0.062 
Giving teachers regular 
professional training 
1/5 8 6 6 1 0.269 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 9 7 5 5 0.605 1 9 1.80 6.75 1.125 0.370 
0.11 1 0.78 0.56 0.56 0.067 0.11 1 0.20 0.75 0.125 0.041 
0.14 1.29 1 0.71 0.71 0.086 0.56 5 1 3.75 0.63 0.205 
0.20 1.80 1.40 1 1 0.121 0.15 1.33 0.27 1 0.17 0.055 
0.20 1.80 1.40 1 1 0.121 0.89 8 1.60 6 1 0.329 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 9 1.80 6.75 1.125 0.370 1 9 1.80 6.75 1.125 0.370 
0.11 1 0.20 0.75 0.125 0.041 0.11 1 0.20 0.75 0.125 0.041 
0.56 5 1 3.75 0.63 0.205 0.56 5 1 3.75 0.63 0.205 
0.15 1.33 0.27 1 0.17 0.055 0.15 1.33 0.27 1 0.17 0.055 
0.89 8 1.60 6 1 0.329 0.89 8 1.60 6 1 0.329 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 9 1.80 5 1.125 0.379 1 9 7 5 1.17 0.423 
0.11 1 0.20 0.56 0.125 0.141 0.11 1 0.75 0.56 0.125 0.046 
0.56 5 1 2.78 0.46 0.154 0.14 1.33 1 1 0.17 0.065 
0.20 1.80 0.36 1 0.17 0.054 0.20 1.80 1 1 0.17 0.074 
0.89 8 2.16 6 1 0.271 0.86 8 6 6 1 0.391 
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The Revised AHP Results of school 8 
{8}   parameters (u) CI CR Average Change Maximum Change 
Original 0.747 0.664 0 0 
0.5,0.5 0 0 1.189 7.11 
0.6,.0.4 0 0 1.189 7.11 
0.7,0.3 0 0 1.189 7.11 
0.8,0.2 0 0 1.189 7.11 
0.85,0.15 0 0 1.189 7.11 
0.9,0.1 0 0 1.189 7.11 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 9 8 9 7 0.533 
Owning the school building 1/9 1 8 7 1/8 0.147 
Improving class size 1/8 1/8 1 7 1 0.082 
Improving the ratio of 
teacher to students 
1/9 1/7 1/7 1 1 0.041 
Giving teachers regular 
professional training 
1/7 8 1 1 1 0.197 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 9 8 9 7 0.671 1 9 8 9 7 0.671 
0.11 1 0.89 1 0.78 0.075 0.11 1 0.89 1 0.78 0.075 
0.125 1.125 1 1.125 0.88 0.084 0.125 1.125 1 1.125 0.88 0.084 
0.11 1 0.89 1 0.78 0.075 0.11 1 0.89 1 0.78 0.075 
0.14 1.29 1.14 1.29 1 0.096 0.14 1.29 1.14 1.29 1 0.096 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 9 8 9 7 0.671 1 9 8 9 7 0.671 
0.11 1 0.89 1 0.78 0.075 0.11 1 0.89 1 0.78 0.075 
0.125 1.125 1 1.125 0.88 0.084 0.125 1.125 1 1.125 0.88 0.084 
0.11 1 0.89 1 0.78 0.075 0.11 1 0.89 1 0.78 0.075 
0.14 1.29 1.14 1.29 1 0.096 0.14 1.29 1.14 1.29 1 0.096 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 9 8 9 7 0.671 1 9 8 9 7 0.671 
0.11 1 0.89 1 0.78 0.075 0.11 1 0.89 1 0.78 0.075 
0.125 1.125 1 1.125 0.88 0.084 0.125 1.125 1 1.125 0.88 0.084 
0.11 1 0.89 1 0.78 0.075 0.11 1 0.89 1 0.78 0.075 
0.14 1.29 1.14 1.29 1 0.096 0.14 1.29 1.14 1.29 1 0.096 
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The Revised AHP Results of school 9 
{9}   parameters (u) CI CR Average Change Maximum Change 
Original 0.384 0.342 0 0 
0.5,0.5 0 0 0.783 5 
0.6,.0.4 0 0 0.783 5 
0.7,0.3 0 0 0.783 5 
0.8,0.2 0 0 0.783 5 
0.85,0.15 0.001 0.0009 0.729 5 
0.9,0.1 0.007 0.006 0.622 4.83 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 6 1/7 1/6 1/6 0.059 
Owning the school building 1/6 1 1/5 1/6 1/7 0.03 
Improving class size 7 5 1 1 5 0.417 
Improving the ratio of 
teacher to students 
6 6 1 1 1/6 0.181 
Giving teachers regular 
professional training 
6 7 1/5 6 1 0.313 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 1 0.14 0.17 0.17 0.048 1 1 0.14 0.17 0.17 0.048 
1 1 0.14 0.17 0.17 0.048 1 1 0.14 0.17 0.17 0.048 
7 7 1 1.17 1.17 0.334 7 7 1 1.17 1.17 0.334 
6 6 0.86 1 1 0.286 6 6 0.86 1 1 0.286 
6 6 0.86 1 1 0.286 6 6 0.86 1 1 0.286 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 1 0.14 0.17 0.17 0.048 1 1 0.14 0.17 0.17 0.048 
1 1 0.14 0.17 0.17 0.048 1 1 0.14 0.17 0.17 0.048 
7 7 1 1.17 1.17 0.334 7 7 1 1.17 1.17 0.334 
6 6 0.86 1 1 0.286 6 6 0.86 1 1 0.286 
6 6 0.86 1 1 0.286 6 6 0.86 1 1 0.286 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 1 0.14 0.17 0.17 0.048 1 1.17 0.14 0.17 0.17 0.050 
1 1 0.17 0.17 0.17 0.048 0.86 1 0.20 0.17 0.14 0.049 
7 6 1 1 1.17 0.334 7 5 1 1 1.17 0.307 
6 6 1 1 1 0.286 6 6 1 1 0.86 0.288 
6 6 0.86 1 1 0.286 6 7 0.86 1.17 1 0.307 
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The Revised AHP Results of school 11 
{11}   parameters (u) CI CR Average Change Maximum Change 
Original 0.279 0.248 0 0 
0.5,0.5 0 0 1.025 5.63 
0.6,.0.4 0 0 1.002 5.46 
0.7,0.3 0 0 0.874 4.875 
0.8,0.2 0 0 0.874 4.875 
0.85,0.15 0 0 0.873 4.875 
0.9,0.1 0.003 0.0029 0.773 4.875 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 6 1/7 1/6 1/8 0.054 
Owning the school building 1/6 1 1/6 1/7 1/9 0.025 
Improving class size 7 6 1 5 1/6 0.247 
Improving the ratio of 
teacher to students 
6 7 1/5 1 1/5 0.129 
Giving teachers regular 
professional training 
8 9 6 5 1 0.545 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 0.86 0.143 0.63 0.125 0.054 1 0.96 0.143 0.625 0.125 0.053 
1.17 1 0.17 0.73 0.15 0.063 1.04 1 0.148 0.649 0.13 0.056 
7 6 1 4.38 0.875 0.373 7 6.74 1 4.38 0.88 0.376 
1.60 1.37 0.23 1 0.2 0.085 1.60 1.54 0.23 1 0.20 0.086 
8 6.86 1.14 5 1 0.425 8 7.70 1.14 5 1 0.429 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 1.125 0.19 0.17 0.125 0.048 1 1.125 0.19 0.17 0.125 0.048 
0.89 1 0.17 0.148 0.11 0.042 0.89 1 0.17 0.148 0.11 0.042 
5.33 6 1 0.89 0.67 0.251 5.33 6 1 0.89 0.67 0.251 
6 6.75 1.13 1 0.75 0.281 6 6.75 1.13 1 0.75 0.281 
8 9 1.50 1.33 1 0.378 8 9 1.50 1.33 1 0.378 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 1.125 0.19 0.17 0.125 0.048 1 1.125 0.14 0.17 0.125 0.050 
0.89 1 0.17 0.148 0.11 0.042 0.89 1 0.17 0.14 0.11 0.049 
5.33 6 1 0.89 0.67 0.252 7 6 1 1.17 0.67 0.307 
6 6.75 1.12 1 0.75 0.283 6 7 0.86 1 0.75 0.288 
8 9 1.50 1.33 1 0.377 8 9 1.50 1.33 1 0.307 
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The Revised AHP Results of school 12 
{12}   parameters (u) CI CR Average Change Maximum Change 
Original 0.270 0.24 0 0 
0.5,0.5 0 0 0.585 7 
0.6,.0.4 0 0 0.585 7 
0.7,0.3 0 0 0.585 7 
0.8,0.2 0 0 0.585 7 
0.85,0.15 0 0 0.585 7 
0.9,0.1 0.04 0.063 0.387 7 
 
Decision variables 
Giving 
teachers a 
fair salary 
Owning the 
school building 
Improving 
class size 
Improving the 
ratio of 
teacher to 
students 
Giving teachers 
regular 
professional 
training 
weight 
Giving teachers a fair salary 1 1 1 1/8 1/7 0.069 
Owning the school building 1 1 1 1 1/7 0.094 
Improving class size 1 1 1 1 1 0.165 
Improving the ratio of 
teacher to students 
8 1 1 1 1/7 0.174 
Giving teachers regular 
professional training 
7 7 1 7 1 0.498 
   
U1=0.5 , U2=0.5 weight  U1=0.6 , U2=0.4 weight 
1 1 0.85 1 0.14 0.089 1 1 0.85 1 0.14 0.089 
1 1 0.85 1 0.14 0.089 1 1 0.85 1 0.14 0.089 
1.18 1.18 1 1.18 0.17 0.106 1.18 1.18 1 1.18 0.17 0.106 
1 1 0.85 1 0.14 0.089 1 1 0.85 1 0.14 0.089 
7 7 5.92 7 1 0.626 7 7 5.92 7 1 0.626 
   
U1=0.7 , U2=0.3 weight  U1=0.8 , U2=0.2 weight 
1 1 0.85 1 0.14 0.089 1 1 0.85 1 0.14 0.089 
1 1 0.85 1 0.14 0.089 1 1 0.85 1 0.14 0.089 
1.18 1.18 1 1.18 0.17 0.106 1.18 1.18 1 1.18 0.17 0.106 
1 1 0.85 1 0.14 0.089 1 1 0.85 1 0.14 0.089 
7 7 5.92 7 1 0.626 7 7 5.92 7 1 0.626 
   
U1=0.85 , U2=0.15 weight  U1=0.9 , U2=0.1 weight 
1 1 0.85 1 0.14 0.089 1 1 1 1 0.14 0.099 
1 1 0.85 1 0.14 0.089 1 1 1 1 0.14 0.099 
1.18 1.18 1 1.18 0.17 0.106 1 1 1 1 0.45 0.132 
1 1 0.85 1 0.14 0.089 1 1 1 1 0.14 0.099 
7 7 5.92 7 1 0.626 7 7 2.25 7 1 0.571 
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Appendix E 
GP Results 
Solution of school 1 using Weighted goal programming variant 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No 5850 X4 0 
5 Fifth year 6150 No 5850 X5 1 
6 Sixth year 3576 yes 3855 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 10 
12 Ratio of students to a teacher 15.3 yes 10 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 2420800 yes 1859850 
Solution of school 1 using Chebyshev goal programming variant 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5150 X1 1 
2 Second year 5400 yes 5400 X2 1 
3 Third year 5650 No  5400 X3 1 
4 Fourth year 5900 No  5400 X4 1 
5 Fifth year 6150 No  5400 X5 1 
6 Sixth year 3576 yes 3576 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 10 
12 Ratio of students to a teacher 15.3 yes 10 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 2420800 yes  1948050 
Solution of school 1 using Extended goal programming variant 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No  5850 X5 1 
6 Sixth year 3576 yes 3855 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 10 
12 Ratio of students to a teacher 15.3 yes 10 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 2420800 yes 1859850 
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Solution of school 1 using Weighted goal programming variant after the reduction of the budget 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No 5850 X4 0 
5 Fifth year 6150 No 5850 X5 1 
6 Sixth year 3576 yes 3855 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 12.5 
12 Ratio of students to a teacher 15.3 yes 12.5 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1800000 yes 1800000 
Solution of school 1 using Chebyshev goal programming variant 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5600 X2 1 
3 Third year 5650 No  5600 X3 1 
4 Fourth year 5900 No  5600 X4 0 
5 Fifth year 6150 No  5600 X5 1 
6 Sixth year 3576 yes 3700 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 11.98 
12 Ratio of students to a teacher 15.3 yes 11.98 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1800000 yes  1800000 
Solution of school 1 using Extended goal programming variant 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No  5850 X5 1 
6 Sixth year 3576 yes 3855 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 12.5 
12 Ratio of students to a teacher 15.3 yes 12.5 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1800000 yes 1800000 
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Solution of school 2 using Weighted goal programming variant 
                                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4550 yes 5000 X1 1 
2 Second year 4800 yes  5250 X2 1 
3 Third year 5050 yes  5250 X3 0 
4 Fourth year 5300 No  5250 X4 0 
5 Fifth year 5550 No  5250 X5 1 
6 Sixth year 2880 yes  3150 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 25 yes 10 X8 4.7 
12 Ratio of students to a teacher 4.7 yes 4.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 4150000 yes  3830000 
Solution of school 2 using Chebyshev goal programming variant 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4550 yes 5000 X1 1 
2 Second year 4800 yes  5250 X2 1 
3 Third year 5050 yes  5250 X3 0 
4 Fourth year 5300 No  5250 X4 0 
5 Fifth year 5550 No  5250 X5 1 
6 Sixth year 2880 yes  3150 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 25 yes 10 X8 4.7 
12 Ratio of students to a teacher 4.7 yes 4.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 4150000 yes  3830000 
Solution of school 2 using Extended goal programming variant 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4550 yes 5000 X1 1 
2 Second year 4800 yes  5250 X2 1 
3 Third year 5050 yes  5250 X3 0 
4 Fourth year 5300 No  5250 X4 0 
5 Fifth year 5550 No  5250 X5 1 
6 Sixth year 2880 yes  3150 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 25 yes 10 X8 4.7 
12 Ratio of students to a teacher 4.7 yes 4.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 4150000 yes  3830000 
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Solution of school 3 using Weighted goal programming variant 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 2730 X1 0 
2 Second year 2730 yes 2730 X2 1 
3 Third year 2730 yes 2730 X3 0 
4 Fourth year 2730 yes 2730 X4 1 
5 Fifth year 2730 yes  2730 X5 0 
6 Sixth year 2730 yes  2730 X6 1 
10 Owning the building 1 yes 1 X7 25 
11 Class size 25 yes 25 X8 14.7 
12 Ratio of students to a teacher 14.7 yes 14.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 899000 yes  757040 
Solution of school 3 using Chebyshev goal programming variant 
                                                                                Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 2730 X1 0 
2 Second year 2730 yes 2730 X2 1 
3 Third year 2730 yes 2730 X3 0 
4 Fourth year 2730 yes 2730 X4 1 
5 Fifth year 2730 yes  2730 X5 0 
6 Sixth year 2730 yes  2730 X6 1 
10 Owning the building 1 yes 1 X7 25 
11 Class size 25 yes 25 X8 14.7 
12 Ratio of students to a teacher 14.7 yes 14.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 899000 yes  757040 
Solution of school 3 using Extended goal programming variant 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 2730 X1 0 
2 Second year 2730 yes 2730 X2 1 
3 Third year 2730 yes 2730 X3 0 
4 Fourth year 2730 yes 2730 X4 1 
5 Fifth year 2730 yes  2730 X5 0 
6 Sixth year 2730 yes  2730 X6 1 
10 Owning the building 1 yes 1 X7 25 
11 Class size 25 yes 25 X8 14.7 
12 Ratio of students to a teacher 14.7 yes 14.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 899000 yes  757040 
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Solution of school 3 using Weighted goal programming variant after the reduction of the budget 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 3000 X1 0 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes  3000 X6 0 
10 Owning the building 1 No  0 X7 25 
11 Class size 25 yes 25 X8 15 
12 Ratio of students to a teacher 14.7 No  15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 450000 No   498800 
Solution of school 3 using Chebyshev goal programming variant 
                                                                                Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 3000 X1 0 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes  3000 X6 0 
10 Owning the building 1 No  0 X7 30 
11 Class size 25 No  30 X8 15 
12 Ratio of students to a teacher 14.7 No  15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 450000 No  488800 
Solution of school 3 using Extended goal programming variant 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 3000 X1 0 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes  3000 X6 0 
10 Owning the building 1 No  0 X7 25 
11 Class size 25 yes 25 X8 15 
12 Ratio of students to a teacher 14.7 No  15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 450000 No  498800 
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Solution of school 4 using Weighted goal programming variant 
                                                                                  Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 2730 X1 1 
2 Second year 2730 yes 2730 X2 1 
3 Third year 2730 yes 2730 X3 0 
4 Fourth year 2730 yes 2730 X4 1 
5 Fifth year 2730 yes  2730 X5 0 
6 Sixth year 2730 yes  2730 X6 1 
10 Owning the building 1 yes 1 X7 20 
11 Class size 20 yes 20 X8 10 
12 Ratio of students to a teacher 23.7 yes 10 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 2130000 yes  1582880 
Solution of school 4 using Chebyshev goal programming variant 
                                                                                    Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 2730 X1 1 
2 Second year 2730 yes 2730 X2 1 
3 Third year 2730 yes 2730 X3 0 
4 Fourth year 2730 yes 2730 X4 1 
5 Fifth year 2730 yes  2730 X5 0 
6 Sixth year 2730 yes  2730 X6 1 
10 Owning the building 1 yes 1 X7 20 
11 Class size 20 yes 20 X8 10 
12 Ratio of students to a teacher 23.7 yes 10 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 2130000 yes  1582880 
Solution of school 4 using Extended goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 2730 X1 1 
2 Second year 2730 yes 2730 X2 1 
3 Third year 2730 yes 2730 X3 0 
4 Fourth year 2730 yes 2730 X4 1 
5 Fifth year 2730 yes  2730 X5 0 
6 Sixth year 2730 yes  2730 X6 1 
10 Owning the building 1 yes 1 X7 20 
11 Class size 20 yes 20 X8 10 
12 Ratio of students to a teacher 23.7 yes 10 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 2130000 yes  1582880 
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Solution of school 4 using Weighted goal programming variant after the reduction of the budget 
                                                                                  Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes  3000 X6 0 
10 Owning the building 1 No  0 X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 23.7 yes 15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1100000 No   1170800 
Solution of school 4 using Chebyshev goal programming variant 
                                                                                    Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes  3000 X6 0 
10 Owning the building 1 No  0 X7 22.7 
11 Class size 20 No  22.7 X8 15 
12 Ratio of students to a teacher 23.7 yes 15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1100000 No  1148577 
Solution of school 4 using Extended goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes  3000 X6 0 
10 Owning the building 1 No  0 X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 23.7 yes 15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1100000 No   1170800 
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Solution of school 5 using Weighted goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No   5850 X5 1 
6 Sixth year 5400 yes   5850 X6 1 
10 Owning the building 1 yes 1 X7 25.1 
11 Class size 25 No  25.1 X8 5.50 
12 Ratio of students to a teacher 5.5 yes 5.5 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 3052000 yes  3052000 
Solution of school 5 using Chebyshev goal programming variant 
                                                                                   Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No   5850 X5 1 
6 Sixth year 5400 yes   5850 X6 1 
10 Owning the building 1 yes 1 X7 25 
11 Class size 25 yes 25 X8 5.5 
12 Ratio of students to a teacher 5.5 yes 5.5 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 3052000 yes   3052000 
Solution of school 5 using Extended goal programming variant 
                                                                                    Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes 5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No   5850 X5 1 
6 Sixth year 5400 yes   5850 X6 1 
10 Owning the building 1 yes 1 X7 25.1 
11 Class size 25 No  25.1 X8 5.5 
12 Ratio of students to a teacher 5.5 yes 5.5 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 3052000 yes  3052000 
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Solution of school 6 using Weighted goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 9 
9 Third year 1365 yes 1500 X9 12 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 yes 9 
13 Teacher training 12 yes 12 
14 The budget 2445000 yes  2340000 
Solution of school 6 using Chebyshev goal programming variant 
                                                                         Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 9 
9 Third year 1365 yes 1500 X9 12 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 yes 9 
13 Teacher training 12 yes 12 
14 The budget 2445000 yes  2340000 
Solution of school 6 using Extended goal programming variant 
                                                                                     Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 9 
9 Third year 1365 yes 1500 X9 12 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 yes 9 
13 Teacher training 12 yes 12 
14 The budget 2445000 yes  2340000 
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Solution of school 6 using Weighted goal programming variant after the reduction of the budget 
                                                                         Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 20 
8 Second year 1365 yes 1500 X8 15 
9 Third year 1365 yes 1500 X9 10 
10 Owning the building 1 yes 1 
 
11 Class size 20 yes 20 
12 Ratio of students to a teacher 9 No  15 
13 Teacher training 12 yes  10 
14 The budget 2000000 No  2186000 
Solution of school 6 using Chebyshev goal programming variant 
                                                                            Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 27.75 
8 Second year 1365 yes 1500 X8 15 
9 Third year 1365 yes 1500 X9 10 
10 Owning the building 1 yes 1 
 
11 Class size 20 No  27.75 
12 Ratio of students to a teacher 9 No  15 
13 Teacher training 12 yes  10 
14 The budget 2000000 No  2124000 
Solution of school 6 using Extended goal programming variant 
                                                                         Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 
Salary improvement of bachelor and 
above for first year  
2730 yes 3000 X1 1 
2 Second year 2730 yes 3000 X2 1 
3 Third year 2730 yes 3000 X3 0 
4 Fourth year 2730 yes 3000 X4 0 
5 Fifth year 2730 yes  3000 X5 0 
6 Sixth year 2730 yes   3000 X6 1 
7 Diploma and under for first year 1365 yes   1500 X7 27.75 
8 Second year 1365 yes 1500 X8 15 
9 Third year 1365 yes 1500 X9 10 
10 Owning the building 1 yes 1 
 
11 Class size 20 No  27.75 
12 Ratio of students to a teacher 9 No  15 
13 Teacher training 12 yes  10 
14 The budget 2000000 No   2124000 
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Solution of school 7 using Weighted goal programming variant 
                                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4050 yes 4500 X1 1 
2 Second year 4275 yes 4725 X2 1 
3 Third year 4500 yes 4725 X3 0 
4 Fourth year 4725 yes 4725 X4 0 
5 Fifth year 4950 No 4725 X5 1 
6 Sixth year 4275 yes 4750 X6 0 
10 Owning the building 1 No  0 X7 25 
11 Class size 25 yes 25 X8 14.4 
12 Ratio of students to a teacher 18.3 yes 14.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1322500 yes 1322500 
Solution of school 7 using Chebyshev goal programming variant 
                                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4050 yes 4500 X1 1 
2 Second year 4275 yes 4725 X2 1 
3 Third year 4500 yes 4725 X3 0 
4 Fourth year 4725 yes 4725 X4 0 
5 Fifth year 4950 No  4725 X5 1 
6 Sixth year 4275 yes 4750 X6 1 
10 Owning the building 1 yes  1 X7 30 
11 Class size 25 No  30 X8 15 
12 Ratio of students to a teacher 18.3 yes 15 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1322500 No  1395650 
Solution of school 7 using Extended goal programming variant 
                                                                               Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 4050 yes 4500 X1 1 
2 Second year 4275 yes 4725 X2 1 
3 Third year 4500 yes 4725 X3 0 
4 Fourth year 4725 yes 4725 X4 0 
5 Fifth year 4950 No 4725 X5 1 
6 Sixth year 4275 yes 4750 X6 0 
10 Owning the building 1 No  0 X7 25 
11 Class size 25 yes 25 X8 14.4 
12 Ratio of students to a teacher 18.3 yes 14.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1322500 yes 1322500 
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Solution of school 8 using Weighted goal programming variant 
                                                                            Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 6424 yes 7000 X1 1 
2 Second year 6744 yes 7320 X2 1 
3 Third year 7064 yes 7320 X3 1 
4 Fourth year 7384 No  7320 X4 0 
5 Fifth year 7704 No  7320 X5 1 
6 Sixth year 6744 yes  7320 X6 1 
10 Owning the building 1 yes 1 X7 24 
11 Class size 24 yes 24 X8 8.6 
12 Ratio of students to a teacher 8.6 yes 8.6 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 3327000 yes  2967040 
Solution of school 8 using Chebyshev goal programming variant 
                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 6424 yes 7000 X1 1 
2 Second year 6744 yes 7320 X2 1 
3 Third year 7064 yes 7320 X3 1 
4 Fourth year 7384 No  7320 X4 0 
5 Fifth year 7704 No  7320 X5 1 
6 Sixth year 6744 yes  7320 X6 1 
10 Owning the building 1 yes 1 X7 24 
11 Class size 24 yes 24 X8 8.6 
12 Ratio of students to a teacher 8.6 yes 8.6 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 3327000 yes  2967040 
Solution of school 8 using Extended goal programming variant 
                                                                            Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 6424 yes 7000 X1 1 
2 Second year 6744 yes 7320 X2 1 
3 Third year 7064 yes 7320 X3 1 
4 Fourth year 7384 No  7320 X4 0 
5 Fifth year 7704 No  7320 X5 1 
6 Sixth year 6744 yes  7320 X6 1 
10 Owning the building 1 yes 1 X7 24 
11 Class size 24 yes 24 X8 8.6 
12 Ratio of students to a teacher 8.6 yes 8.6 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 3327000 yes  2967040 
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Solution of school 9 using Weighted goal programming variant 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 30 yes 10 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1580000 yes 1240000 
Solution of school 9 using Chebyshev goal programming variant 
                                                             Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 30 yes 10 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1580000 yes 1240000 
Solution of school 9 using Extended goal programming variant 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 1 
10 Owning the building 1 yes 1 X7 10 
11 Class size 30 yes 10 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1580000 yes 1240000 
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Solution of school 9 using Weighted goal programming variant after the reduction of the budget 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No  5000 X2 1 
3 Third year 5150 No  5000 X3 0 
4 Fourth year 5150 No  5000 X4 0 
5 Fifth year 5150 No  5000 X5 0 
6 Sixth year 4400 No  4000 X6 1 
10 Owning the building 1 yes 1 X7 30 
11 Class size 30 yes 30 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 10 
13 Teacher training 12 yes  10 
 
14 The budget 1000000 yes 1000000 
Solution of school 9 using Chebyshev goal programming variant 
                                                             Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 0 
10 Owning the building 1 No  0 X7 28 
11 Class size 30 yes 28 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 11 
13 Teacher training 12 yes  11 
 
14 The budget 1000000 No  1040000 
Solution of school 9 using Extended goal programming variant 
                                                                              Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes 5600 X4 0 
5 Fifth year 5150 yes 5600 X5 0 
6 Sixth year 4400 yes  4600 X6 0 
10 Owning the building 1 No  0 X7 28 
11 Class size 30 yes 28 X8 7.12 
12 Ratio of students to a teacher 7.12 yes 7.12 X9 11 
13 Teacher training 12 yes  11 
 
14 The budget 1000000 No  1040000 
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Solution of school 10 using Weighted goal programming variant 
                                                                          Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 yes  5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No  5850 X5 1 
6 Sixth year 3384 yes 3645 X6 1 
10 Owning the building 1 yes 1 X7 15 
11 Class size 20 yes 15 X8 6.7 
12 Ratio of students to a teacher 6.7 yes 6.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1863000 yes  1347238 
Solution of school 10 using Chebyshev goal programming variant 
                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 No  5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No  5850 X5 1 
6 Sixth year 3384 yes 3645 X6 1 
10 Owning the building 1 yes 1 X7 15 
11 Class size 20 yes 15 X8 6.7 
12 Ratio of students to a teacher 6.7 yes 6.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1863000 yes  1347238 
Solution of school 10 using Extended goal programming variant 
                                                                        Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5400 yes 5850 X2 1 
3 Third year 5650 No  5850 X3 1 
4 Fourth year 5900 No  5850 X4 0 
5 Fifth year 6150 No  5850 X5 1 
6 Sixth year 3384 yes 3645 X6 1 
10 Owning the building 1 yes 1 X7 15 
11 Class size 20 yes 15 X8 6.7 
12 Ratio of students to a teacher 6.7 yes 6.7 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1863000 yes  1347238 
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Solution of school 11 using Weighted goal programming variant 
                                                                    Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5150 X1 1 
2 Second year 5150 yes 5150 X2 1 
3 Third year 5150 yes 5150 X3 1 
4 Fourth year 5150 yes  5150 X4 1 
5 Fifth year 5150 yes  5150 X5 0 
6 Sixth year 2784 yes 2784 X6 n/a 
10 Owning the building n/a n/a n/a X7 19 
11 Class size 19 yes 19 X8 10.4 
12 Ratio of students to a teacher 10.4 yes 10.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1000000 yes   822000 
Solution of school 11 using Chebyshev goal programming variant 
                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5150 X1 1 
2 Second year 5150 yes 5150 X2 1 
3 Third year 5150 yes 5150 X3 1 
4 Fourth year 5150 yes  5150 X4 1 
5 Fifth year 5150 yes  5150 X5 0 
6 Sixth year 2784 yes 2784 X6 n/a 
10 Owning the building n/a n/a n/a X7 19 
11 Class size 19 yes 19 X8 10.4 
12 Ratio of students to a teacher 10.4 yes 10.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1000000 yes   822000 
Solution of school 11 using Extended goal programming variant 
                                                                          Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5150 X1 1 
2 Second year 5150 yes 5150 X2 1 
3 Third year 5150 yes 5150 X3 1 
4 Fourth year 5150 yes  5150 X4 1 
5 Fifth year 5150 yes  5150 X5 0 
6 Sixth year 2784 yes 2784 X6 n/a 
10 Owning the building n/a n/a n/a X7 19 
11 Class size 19 yes 19 X8 10.4 
12 Ratio of students to a teacher 10.4 yes 10.4 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1000000 yes   822000 
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Solution of school 11 using Weighted goal programming variant after the reduction of the budget 
                                                                    Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No 5000 X2 1 
3 Third year 5150 No 5000 X3 0 
4 Fourth year 5150 No 5000 X4 0 
5 Fifth year 5150 No 5000 X5 0 
6 Sixth year 2784 No 2400 X6 n/a 
10 Owning the building n/a n/a n/a X7 19 
11 Class size 19 yes 19 X8 10.6 
12 Ratio of students to a teacher 10.4 yes 10.6 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 500000 yes    500000 
Solution of school 11 using Chebyshev goal programming variant 
                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No 5000 X2 1 
3 Third year 5150 No 5000 X3 0 
4 Fourth year 5150 No 5000 X4 0 
5 Fifth year 5150 No 5000 X5 0 
6 Sixth year 2784 No 2400 X6 n/a 
10 Owning the building n/a n/a n/a X7 19 
11 Class size 19 yes 19 X8 10.6 
12 Ratio of students to a teacher 10.4 yes 10.6 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 500000 yes   500000 
Solution of school 11 using Extended goal programming variant 
                                                                          Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No 5000 X2 1 
3 Third year 5150 No 5000 X3 0 
4 Fourth year 5150 No 5000 X4 0 
5 Fifth year 5150 No 5000 X5 0 
6 Sixth year 2784 No 2400 X6 n/a 
10 Owning the building n/a n/a n/a X7 19 
11 Class size 19 yes 19 X8 10.4 
12 Ratio of students to a teacher 10.4 yes 10.4 X9 11.6 
13 Teacher training 12 yes  11.6 
 
14 The budget 500000 yes   500000 
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Solution of school 12 using Weighted goal programming variant 
                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes  5600 X4 0 
5 Fifth year 5150 yes  5600 X5 0 
6 Sixth year 4400 yes 4600 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 15 yes 15 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1893600 yes  1414400 
Solution of school 12 using Chebyshev goal programming variant 
                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5150 X1 1 
2 Second year 5150 yes 5150 X2 1 
3 Third year 5150 yes 5150 X3 1 
4 Fourth year 5150 yes  5150 X4 1 
5 Fifth year 5150 yes  5150 X5 0 
6 Sixth year 4400 No  4150 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 15 yes 15 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1893600 yes  1533200 
Solution of school 12 using Extended goal programming variant 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes  5600 X4 0 
5 Fifth year 5150 yes  5600 X5 0 
6 Sixth year 4400 yes 4600 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 15 yes 15 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1893600 yes  1414400 
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Solution of school 12 using Weighted goal programming variant after the reduction of the budget 
                                                                 Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No 5000 X2 1 
3 Third year 5150 No 5000 X3 0 
4 Fourth year 5150 No 5000 X4 0 
5 Fifth year 5150 No 5000 X5 0 
6 Sixth year 4400 No 4000 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 15 yes 15 X9 10.8 
13 Teacher training 12 yes  10.8 
 
14 The budget 1100000 yes  1100000 
Solution of school 12 using Chebyshev goal programming variant 
                                                                      Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 yes 5600 X1 1 
2 Second year 5150 yes 5600 X2 1 
3 Third year 5150 yes 5600 X3 1 
4 Fourth year 5150 yes  5600 X4 0 
5 Fifth year 5150 yes  5600 X5 0 
6 Sixth year 4400 yes  4600 X6 n/a 
10 Owning the building n/a n/a n/a X7 30 
11 Class size 20 No  30 X8 15 
12 Ratio of students to a teacher 15 yes 15 X9 12 
13 Teacher training 12 yes 12 
 
14 The budget 1100000 No   1164400 
Solution of school 12 using Extended goal programming variant 
                                                                           Objective space Decision space 
Goal 
number 
description Target level Sat Achieved level Xi 
Optimal 
value 
1 Salary improvement for first year 5150 No  5000 X1 1 
2 Second year 5150 No 5000 X2 1 
3 Third year 5150 No 5000 X3 0 
4 Fourth year 5150 No 5000 X4 0 
5 Fifth year 5150 No 5000 X5 0 
6 Sixth year 4400 No 4000 X6 n/a 
10 Owning the building n/a n/a n/a X7 20 
11 Class size 20 yes 20 X8 15 
12 Ratio of students to a teacher 15 yes 15 X9 10.8 
13 Teacher training 12 yes  10.8 
 
14 The budget 1100000 yes  1100000 
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Appendix H 
Sensitivity Analysis Results 
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